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STUDIES ON PUBERTY 


PART IL. 


BY 


THE PATTERN OF DIFFERENTIAL GROWTH* 


R. H. CAWLEY, J. A. H. WATERHOUSE, and HAMILTON HOGBEN 
From the Department of Medical Statistics, University of Birmingham 


1. INTRODUCTION 


Previous investigations concerning growth in the 
human subject are mainly restricted in scope to 
consideration of increments in height, in weight, and 
less often in more specific measurements, related to 
a chronological time-scale. There has been little 
attempt to interpret such anthropometric material 
against the background of accredited principles 
which have been established for other species by the 
method of experimental embryology. 

The importance of regional differential growth as 
the essential feature of the gross morphogenetic, as 
opposed to histogenetic, aspect of development has 
been variously emphasized, notably by Child (1915). 
The study of continuous changes in body proportions 
from foetus to adult was also brought into focus by 
D'Arcy Thompson} (1917), who pointed out that 
the growth intensity of the body conforms with a 
more or less regular pattern, the relative growth- 
ratios of parts of the body being defined by an 
orderly system of growth gradients. Anthropo- 
metric investigation need not, therefore, be fruitless 
if directed to evaluating how relative growth of 
different dimensions during particular phases of 
development contributes to changes of bodily shape 
characteristic of the sexes. In this way, we may 
bring into focus problems which await interpretation 
in terms of our advancing knowledge of cell 
metabolism. 

Part I of the present series (Hogben, Waterhouse, 
and Hogben, 1948) explored certain features of 
differential growth in relation to qualitative changes 
taking place at puberty, indicating specific hormonal 
influences on three sexually-differential indices of 
body build, viz. bispinous width of pelvis, bisacro- 
mial width of shoulders, and neck girth. It is now 


* Part I appeared in this Journal in January, 1948. 


_ + This author drew attention to the possibility of studying growth 
In terms of co-ordinate transformations, a suggestion followed up 
in Medawar’s contribution (1944) on measurements of the human 
foetus. From a study of amphibian‘metamorphosis, one may well 
Suspect that the orderly pattern disclosed by so admittedly attractive 
a schematization deflects attention from specifically localized foci of 
differential growth, severally inviting the evaluation of a specific 
tesponsible agency; in short, the very simplicity of the relations 
exhibited by this method may conceal the complexity of the machinery 
we are investigating. 
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our purpose to analyse in greater detail, and from 
a new viewpoint, such measurable trends of 
differential growth during the human _ sexual 
metamorphosis. 

Several writers, notably J. S. Huxley (1924; 1932; 
1945), have studied allometric growth (i.e. dispropor- 
tionate growth of parts of the body, resulting in 
change of body-shape with age) more especially with 
respect to the development of Crustacea and 
holometabolous insects. Huxley’s approach to the 
concept of relative growth envisages the development 
of the organism as a succession of discrete phases 
during which growth along one dimension relative 
to another proceeds with comparative uniformity in 
accordance with an exponential law, such phases 
being commonly few in number and long in duration. 
If we consider two such anthropometric measure- 
ments as arm length and standing height, the 
empirical postulate of the allometric attack on 
morphogenesis is that for any particular period of 
development arm length (xq) increases in relation to 
standing height (x;,) in accordance with an equation 
of the form 
(i) 
(ii) 


Xa=k(xn)? 
log Xg=b log x, +log k 
By differentiating (ii) 


dXq : Prasad h 
Xa Xh 
dx x) = 
and -o—ah (iii) 
dxh, Xa 


Now a proportionate specific growth rate, for 
any site or organ, may be defined as the increment 
in size of that organ, in unit time, per unit size. 
If A represents the size of an organ at one instant, 
and A+8A its size after an interval of time $f, the 
specific growth ratio (g) would be: 

-$A I | 


5A. 
= " — ». 


& me 2 
A él A ot 


And if a=log A, 
. sa da 
ost dt 


1B 
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If the relationship between two such logarithmic 
growth rates is approximately linear, so that 


a,=ba,+c ; 


then log A,=b log A,+c, 


A, = CA} where log C=c, 
da, da, da, &, 
da, dt dt g, 

A phase of relative growth is thus definable by the 
numerical value of the constant b, denoted as the 
differential growth coefficient (or ratio) for the two 
dimensions. An important implication of (ii) is 
that we have eliminated time as a co-ordinate for 
observation and are subsequently concerned only 
with relative growth of different dimensions. The 
justification for this approach is, of course, entirely 
empirical, and, as such, calls for validification in any 
particular investigation such as the present. Our 
reasons for thus experimentally adopting the method 
are: (a) that it is reasonable to suppose that growth 
follows an exponential law, which is best illustrated 
by using logarithms of measurements; (5) that with 
such use of logarithms the allometric equation 
reduces to that of a straight line, a form which, if 
permissible, facilitates interpretation of results. 
This approach appears to be a good empirical 
approximation herein, as may be judged from the 
graphs included below. 

In examining the relevance of the method to a 
study of human sex differentiation, we require a 
more exacting analytical technique. Huxley’s 
development of the theme, competent within the 
domain of invertebrate growth and form as first 
used, involves a legitimate crudity in that it relies on 
intuition to arbitrate on the choice of a standard 
axis of reference, i.e. the abscissa, defined by Huxley 
merely as a measure of growth of the body in general 
as opposed to growth of a specific part, represented 
by the ordinate. There is no a priori reason why 
the growth rates in the two sexes of height, weight, 
or any other particular measurement should tally, 
so we must first make a direct investigation of sex 
differentials at different sites in order to establish 
which, if any, exhibit sexually invariant growth rates 
during puberty. 

The present investigation was conducted on 
records of a single examination of each individual 
in a sample comprising 642 boys and 662 girls drawn 
from a sequence of half-yearly age groups from 84 
to 17 years. This plan allows direct observation 
and yields age-means of metric indices as well as the 
time of first appearance and duration of development 
of non-metric features of sexual maturation. The 
sample was taken from primary and secondary 


and 


and the slope is b= 
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schools in the borough of Tottenham. Data wer 
recorded during routine school medical examinations 
and comprised, in addition to the qualitative attri. 
butes of sexual development recorded and discussed 
in the preceding publication, the following dimen. 
sions: 


Weight 

Height 

Sitting height 

Trunk length (suprasternal notch to pubic 

symphysis) 

Trunk depth (nipple level) 

Trunk width (nipple line) 

Thorax circumference: 

xiphoid process 
8. Abdominal circumference (umbilicus) 
9. Bisacromial width of shoulders 

10. Bispinous width of pelvis* (posterior superior 
iliac spines) 

11. Girth of neck (level of thyroid cartilage) 

12. Arm length (acromion to Ist carpal crease) 

13. Hand length (1st carpal crease to tip of 3rd 
finger) 

14. Leg length (anterior superior iliac spine to 
external malleolus) 

15. Cephalic length 

16. Cephalic breadth 

17. Bizygomatic width 


RYN S 


Pa ita 


(a) at nipple, (5) at 


For our present purpose we are concerned only 
with average measurements representative of selected 
somatic features as above, for each age group. The 
range of variability to which the individual is subject 
is a separate problem, reserved for further communi- 
cation. Here we restrict ourselves to an overall 
picture of a composite individual, himself or herself 
a fiction, legitimate as a summary of a more or less_ | 
homogeneous sample. 





2. SEXUAL HOMOPLASIA AND HETEROPLASIA 


In searching for a sexually invariant or homoplasic 
dimension (i.e. one characterized by the same pro- 
portionate growth rate for both sexes throughout 
the age-range studied) in contradistinction to the 
state of heteroplasia, our procedure has been to plot 
on a logarithmic grid successive mean values of a 
particular dimension A for girls as ordinates against 
the corresponding mean values for boys of the same 
half-year group. We have then found it possible to 
give close representation of the distribution by fitting 
one or more straight lines, the parameters of which 
define the trend of relative growth during the 
relevant phase of development. If Ay and Am 


* We take this opportunity of drawing attention to an ambiguity 
in the title of two text figures of Part I (January, 1948), in which ; 
expression pelvic width might suggest bicristal as opposed to bispinow: 
width. 
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respectively specify a measurement for girls and 
boys of the same age group, . 


then log Ag=/ log Am+e, (i) 
i. Ag= C(A,,)' 

dAy¥ sald dAm (ii) 
and Ay a 


land C respectively denote the sexually differential 
growth coefficient and the sexually differential growth 
constant. 

Typically, the graphs were sigmoidal, showing a 
three-phase inter-relationship, but occasionally there 
were two linear trends or only one. The usual 
method of curve-fitting for a series of points having 
a linear trend is by the determination of one of two 
regression coefficients by the method of least squares. 
This method assumes dependence of one variate 
upon the other by minimizing either the abscissal or 
the ordinate differences, and is therefore unsuitable 
in situations such as the present in which we are 
seeking the relationship between two variates which 
are logically independent, although concurrent. 
We have therefore used for curve-fitting throughout 
this study a technique of Jeast square-perpendiculars, 
giving the line of closest fit to all the points. A 
detailed account of the rationale of this method 
and of appropriate measures of goodness-of-fit will 
be the subject of a subsequent communication. 

Fig. 1 (overleaf) shows the sigmoidal three-phase 
growth relationship typical of most dimensions, and 
the deviations from this plan characteristic of atypi- 
caldimensions. Table I (overleaf) demonstrates the 
relevant parameters for each dimension for each dis- 
crete phase of growth, and for the whole eight years, 
together with the goodness-of-fit criteria. The 
ratio of the residual variance of the points about the 
fitted line to their variance about a line at right angles 
may be expressed as (1 —R*) where R is an analogue 
of the product-moment correlation coefficient, R? =1 
signifying a perfect fit. A second criterion of 
reliability shows the justification for fitting two or 
three separate lines to the distribution: 2p’, the 
residual variance of the points representative of a 
particular growth-epoch about the line which 
exclusively summarizes that epoch, is expressed as a 
ratio to the residual variance, D'P?, of the same 
points about a line specifying growth over the whole 
period. In our use of these two ratios as goodness- 
of-fit criteria, they are best expressed as percentages, 
i 2 xp* 
Le. 100(1 — R*) and 100 pz" 
correlation coefficient, also tabulated, is a general 
summarizing index of concurrence between the two 
sexes, but has no exact significance here. 


The product-moment 
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By recourse to this procedure, we can define the 
typical pattern of growth in females relative to males 
in chronological terms, since each point on the 
charts refers to a particular age. At an age varying 
from 10-75 to 11-75, the female-male growth ratio 
in most dimensions undergoes a striking change in 
favour of the female, and 2 to 24 years later there is 
a second equally abrupt change in the opposite 
direction. From these observations per se, it would 
be illegitimate to draw conclusions respecting the 
sex-specificity of either change. Comparison with 
our previously published observations on parailel 
changes taking place in the same sample, however, 
brings to light a striking analogy. At 11-25 years 
half the girls in the sample are exhibiting the first 
qualitative signalization of puberty, the development 
of the mammary glands. It is not until two years 
later, at 13-25, that half the boys in the sample show 
the first signs of the earliest male characteristic, 
pubic hair. In view of the closeness of the distribu- 
tion to symmetry, there will be little difference 
between the median age and the mean age of 
appearance of the sexual metamorphosis. We have 
in fact strong grounds for associating the inception 
of visible qualitative manifestations of a new phase 
of endocrine activity in girls at 11-25 years and in 
boys at 13-25 years, with the discontinuities in the 
relative growth rates of boys and girls at most sites 
at an age from 10-75 to 11-75 and again between 
13-25 and 14:25 years, confirming the suspected 
existence of a growth spurt at the beginning of 
puberty. 

Such a pattern of growth, characteristic of females 
relative to males, holds good for weight, height, 
sitting height, trunk length, thorax circumference (at 
nipple and at xiphoid process), abdominal circum- 
ference, arm length (with and without hand), leg 
length, trunk depth, and neck girth. Certain other 
dimensions do not conform to this plan. Trunk 
width (Fig. 1d) and bisacromial width (Fig. 1f) can 
be resolved into two lines only; stimulation of 
growth rate appears to be confined to the male. 
Bispinous width discloses an arresting picture 
(Fig. 1g) indicative of striking sexual heteroplasia: 
the female pelvis evidently grows more rapidly after 
the onset of puberty and the male pelvis more slowly, 
since the slope increases at the time of onset of 
puberty in each sex. A difference not emphasized 
in Part I of this series is that cephalic length (Fig. 1h) 
stops increasing in the pubescent female, whilst 
cephalic breadth (Fig. 1i) exhibits no stimulation 
at puberty in either sex. A third cephalic measure- 


ment taken, bizygomatic width, apparently under- 
goes more random variation than any other feature 
studied. 
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Fic. 1.—Growth of girls relative to boys illustrated by logarithmic plotting of corresponding age-means. 
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TABLE I 
PHASES OF SEXUALLY DIFFERENTIAL GROWTH 
— | . 
. bee | 100 (1— 
Dimension Age (years) r l Cc ( R) 100(2p*+=P*), 
8- 75-16-75 0-964 0-9149 1-489 1-93 
Weight 8-75-10-75 0-864 0-4499 9-743 4:37 17-09 
10-75-1325 0-972 2-2624 0-0041 2-65 4-48 
13-25-16-75 0-927 0-4801 11-41 2-39 22-45 
a” 8- 75-16-75 0-980 0-7418 3-615 0-87 
Height 8-75-11-25 0-950 0-6707 5-069 2-09 41-28 
11-25-13-25 0-958 1-5123 0-0794 2-28 8-34 
13-25-16-75 0-964 0-4340 17-38 1-08 15-46 
> 8-75-16-75 0-950 0-8656 1-791 2-50 
Sitting height 8-75-11-25 0-889 0-8006 3-070 2-45 45-95 
11-25-13-25 0-927 2-0147 0-0026 3-02 8-11 
13-25-16-75 0-833 0-4424 11-70 5-16 39-51 
8-75-16-75 0-966 0-9817 1-074 1-71 et 
Trunk length 8-75-11-25 0-801 0-6837 3-262 9-85 6-15 
11-25-13-25 0-925 2-1799 0-0107 2-33 14-99 
13-25-16-75 0-941 0-5108 6-834 2-18 19-00 
oe 8-75-1675 0-963 1- 1623 0-4921 ~ 4°78 
Thorax circumference 8-75-11-75 0-954 0-9774 1-059 44 39-11 
(nipple) 11-75-13-75 0-948 2-4063 0-0025 1-22 6-01 
13-75-16-75 0-817 0-5242 8-130 6-71 36-40 
8-75-16-75 0-938 0-8720 ry) ee 
Thorax circumference 8-75-11-75 0-883 1-1753 0-4641 6-24 63-53 
(xiphoid) 11-78-13-75 0-814 2: 1647 0-0072 6-60 20-76 
13-75 0-706 02678 22-57 5-95 23-20 
8- 75-16-75 0-943 0-8975 ——_— | + 
Abdominal circumference 8-75-10-75 0-865 0-2846 17-06 0:96 8-87 
10-75-13-25 0-920 2-3562 0-0041 2-47 10-44 
13-25-16-75 0-822 0-3594 14-08 4-74 26-18 
a. 8- 75-16-75 0-970 0-7593 2-589 | «1°88 
Total arm length 8-75-10-75 0-935 0-6254 4-439 *69 56-75 
10-75-13-25 0-863 1-4100 0-0172 8-58 38-81 
13-25-1675 0-891 0- 3866 12-94 3-03 27°55 
8-75-16:75 0-960 0-7771 2-187 4-96 
Arm length 8-75-10-75 0-950 0-5270 5-577 1-51 74-00 
10-75-13-25 0-772 1-7398 0-0525 10-21 39-42 
13-25-16-75 0-921 0- 3294 13-25 1-82 9-79 
8-75-16-75 0-945 0-7195 2-240 2635 
Hand length 8-75-10-75 0-804 0-9125 1-297 10-78 37-82 
10-75-1325 0-979 1-3711 0- 3642 1-10 3-71 
13-25-16-75 0-933 0-2891 7-949 0-41 7-94 
95-16-75 0-959 0-7030 3-667 72 
Leg length 8-75-10°75 0-939 0-7782 2-625 2-71 34:77 
1075-13-25 0-906 1-2346 0-3712 4-72 27-89 
13-25-16-75 0-911 0-2674 25-84 2-81 9-91 
75-16-75 0-934 08716” 1-348 3:39 
Trunk depth 8-75-11-25 0-853 0-4523 4-137 4-85 19-43 
11-25-13-75 0-896 2-5255 0-0140 2:57 8-10 
13-75-16-75 0-646 0- 3357 6-401 10-21 43-76 
8975-16-75 0-944 0-5913 3-735 “| 2-36 
Neck girth 8-75-11°75 0-720 0-3541 8-110 7:57 37-52 
1175-13-75 0-880 1-5747 0-1390 5-36 13-08 
13-75-16-75 0-842 0-2671 11-54 3-06 24-88 
. 95-16-75 0-911 1-6558 (0-2587 3-80 
Bispinous width 8-75-11°75 0-730 0- 5368 2-548 6-12 34-11 
11-75-14-25 0-799 1-9569 0-1338 , 0-38 46-58 
14-25-1675 0-201 6-7384 4-6(10" 26-94 10-73 
- «8+ 75-16-75 0-931 0-3997 $303- 3 | «1-49 
Trunk width 8-75-13-25 0-823 0-510! 3-824 6-68 89-63 
13-25-16-75 0-750 0-2716 7-852 5-02 78-69 
ee 0-923 1 -0660 0-8960 4-08 
Bisacromial width 8-75-1325 0-939 2-0857 0-0321 1-73 18-03 
13-25-16-7 0-875 0-4831 6-510 4-05 25-75 
7 8-75-16-75 0-789 04896 4-407 8-19 
Cephalic breadth 8-75-13-25 0-844 1-3962 0- 3095 7-71 10-91 
13-25-16-75 ~0-0576 ~0-0080 17-71 10-95 0-89 
Bizygomatic width 8-75-16-75 0-865 0-9260 1-174 7:26 we 











r= product-moment correlation coefficient. 
l=sexually differential growth coefficient. 


(1-R)) and (Sp? =P?) goodness-of-fit criteria. 
C=sexually differential growth constant. 
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We must now compare directly the pre- and post- 
pubescent growth patterns in the two sexes. By 
what is mathematically equivalent to a change of 
origin, we can make comparisons between the 
dimensions of boys and girls at corresponding 
developmental or pubertal ages, the latter being 
here defined as age with respect to the onset of 
puberty (Table II). In accordance with conclusions 
set forth in Part I of this series, and confirmed 
by the present method, our average estimates for 
qualitative and quantitative signalization of puberty 
—our so-called critical ages—are 11-25 and 
13-25 years for girls and boys respectively. We 
therefore plot for each dimension the mean for girls 
aged x years as ordinates against the corresponding 
mean for boys aged (x+2) years, and obtain a 
result comparatively undistorted by differential age 
at onset of pubertal acceleration. 


TABLE II 
CHRONOLOGICAL RELATIONSHIPS OF PUBERTAL AGE 











Group Pubertal Chronological Age (years) 
No. Age (years) 
Boys Girls 
] —2°5 10-75 8-75 
2 -2-0 11-25 9-25 
3 1-5 11-75 9-75 
4 —1-0 12-25 10-25 
5 —0-5 12-75 10-75 
6 0 13-25 11-25 
7 +0-5 13-75 11-75 
8 +1-0 14-25 12-25 
9 +1-5 14-75 12-75 
10 +2-0 15-25 13-25 
11 +2°5 15-75 13-75 
12 +3-0 16-25 14-25 
13 +3-5 16-75 14-75 





Fig. 2 (opposite) shows the results of the applica- 
tion of this correction. For we can write: 
log As=v log Ams2+k 
As=K(A_, ,,)" 
and en: v. dAm +2 (iii) 
Ay A42 
v and K respectively denote the standardized sexually 
differential growth coefficient and the standardized 
sexually differential growth constant, and are 
exhibited for each phase of relative growth in 
Table III (overleaf). In this series there is no dis- 
cernible discontinuity in the trend of the growth 
rate of girls relative to boys with respect to weight, 
height, sitting height, trunk length, trunk width, 
thorax circumference (at nipple and at xiphoid 
process), abdominal circumference, arm length, and 


leg length. Trunk depth and neck girth display a 
relative increase of female growth, at approximately 
eighteen months and six months respectively after 
the estimated age of inception of puberty. Bisacro- 
mial width and cephalic length and breadth (Figs. If. 
h, and i) undergo a relative spurt in boys, and 
bispinous width (Fig. 1g) exhibits a striking change 
in the opposite direction at the same time. The 
scatter for each phase of growth is shown as before 
both graphically and by the goodness-of-fit criteria, 

We now have two estimates of the course of 
relative growth in males and females based respec- 
tively on chronological and pubertal age. Our 
intention is not to impute conformity of growth with 
a particular mathematical formulation, but to group 
and summarize the data conveniently. Accordingly, 
our necessary conditions for sexual homoplasia may 
be defined as: 


(1) (@) Exhibition of the characteristic sigmoidal or 
triphasic pattern of relative growth when 
mean observations paired on a chronological 
basis are plotted on a logarithmic scale. 

(6) Equivalence of the net growth rate in the two 

sexes with reference to the whole age-range. 

i.e. dAy a dAm and [=1 (cf. equation (ii)) 
Af Am 

(2) (a) Exhibition of a continuous rectilinear relation- 
ship when boy-girl means are paired on a 
development age scale centred at the start 
of puberty in each sex. 

(b) For the whole range of this relationship, 


dAf _dAm +2, i.e. v=1 (cf. equation (iii). 
Ay Am+2 
(3) Satisfaction of the goodness-of-fit criteria, 
ap 
R? and - 
DP? 


Since conditions (1) 6 and (2) 6 are the salient 
numerical desiderata of conformity between male 
and female growth-patterns, it is desirable to rank 
all dimensions satisfying (1) a and (2) a with respect 
to each of these. For arranging dimensions in 
order of equivalence of male and female growth 
rates, computation of (/—1) and (v—1) immedi- 
ately suggests itself. We can therefore write: 


Ay dAm 
jntinlne 


= —l 
“s Af : Ais 


dAy dAm 
a Af , (iv) 
dAm 
Am 
__ Excess growth rate of females over males. 
Male growth rate 
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Fic. 2.—Growth of girls relative to boys of the same pubertal age illustrated by logarithmic plotting 
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TABLE III 
PHASES OF SEXUALLY DIFFERENTIAL GROWTH 
(DEVELOPMENTAL BASIS) 

Dimension Pubertal Age (years) r v K 100 ( IR’) 100 (> p?~ =P?) 
Weight (—2-5)-(+3-5) | 0-988 0-9883 8630 0°43 —_ 
Height 2-5)-(+3°5) 0-981 0- 8627 -858 0-89 << a 
Sitting height (—2-5)}({+3-5) 0-976 0-8216 -064 0-93 i 
Trunk length (—2:5){+3°5) 0-983 1-0825 -6776 1-27 i 
Thorax circumf. a 

(nipple) (—2-5)(+3°5) 0-982 1- 1931 -3972 0-69 —_ 
Thorax circumf. “a 
(xiphoid) (—2-5)(43-5) 0-935 0-9236 260 3-37 = 
Abdominal oe 
circumference (—2-5)(+3-5) 0-988 1 -0260 8347 0-80 _ 
Total arm length (—2-5)(+3-5) 0-961 0-9053 -305 0:55 a 
Arm length (—2-5)(+3-5) 0-957 0-9910 8774 2-18 - oe 
Hand length (—2-5)(+3-5) 0-969 0-7951 718 1-53 0 
Leg length (—2-5){+3-5) 0-972 0-8767 -604 1-52 ae 
(—2-5)-(+3-5) 0-984 08702 274 0-83 ae 
Trunk depth (—2-5)-(+1°5) 0-956 0-7272 1-895 2-03 73-11 
(+1-5)(43-5) 0-983 1-1355 0-5855 1-16 32-78 
(—2-5)(+3-5) 0-964 0-467 192 1-59 a 
Neck girth (—2-5)-(+0-5) 0-583 0-3274 8-736 12-77 81-41 
(-+0-5)-(+43-5) 0-925 0-6383 3-043 0-94 20-09 
| (—2:5)(+3-5) 0-818  1-7435 -2050 7-91 aie, 
Bispinous width (—2-5)-(+0-5) 0-724 0-5132 2-611 11-74 22-18 
(+0-5)-(+3-5) 0-495 5-0763 1-5(10-*) 9-47 43-23 
Trunk width (-2-5)-(+43-5) 0-950 0-3934 -178 1-85 sed 
(—2-5)(+3-5) 0-964 1-0212 -9813 1-83 ae 
Bisacromial width (—2-5)(+0-5) 0-917 1-6212 0- 1361 3-85 42-84 
(+0-5)-(+3-5) 0-921 0-7325 2-636 2-87 56-59 
. (—2-5)-(+3°5) 0-796 0-5390 664 0-62 oe 
Cephalic length (—2-5)-(-+40-5) 0-593 1-7874 0-0975 20-92 47-92 
(+0-5)-(+3-5) 0-417 0-2473 8-668 17-76 17°37 
(—2-5)-(4+3-5) 0-882 0-7738 -742 6-07 
Cephalic breadth (—2-5)(+1-0) 0-678 1-1577 0-6267 19-03 85-54 
(+1-0)(+3:-5) 0-957 0-4415 4-263 1-72 19-30 











r- 


v= 


K- 


(1-R*) and (Zp? SP), 


product-moment correlation coefficient. 


sexually differential standardized growth coefficient. 


sexually differential standardized growth constant. 


goodness-of-fit criteria. 
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A more satisfactory index would be: 
Excess growth rate of females over males 
Mean growth rate of males and females 
\dAy dAm 
Af Am 
dA An| 
Af Am) 


=2.4 





= fe = ™ =| 


we 
9 
2. (v) 


7 
Furthermore, if @ is the angular deviation from Z 
(i.e. from 7/=1) of any particular growth trend, 


-+tan @ 
j={ 
an (4+ o- —tan @ 
rte iiaichaae 6) 2 tan 6 
ie 1—tan 0 ~ |—tan 
1+tan 6+(1 —tan @) 2 
d I+1= ~ 
sacl idle 1 —tan 6 | —tan 6 


Then - 3 = (cme) = ( = »)=tan8. (vi) 


For true growth, 6 os? have a maximum range 


from — 7 through 0 to +—, and tan @ will have a 


ru 
range from —1 to +1. Sucha range is ideal for our 
purpose, and we have defined indices of sexual 
heteroplasia, denoted by p, having a range from 
-lto +1, as: 
(1) With reference to a chronological basis, 
fy =tan 6; = i (vii) 
and mutatis mutandis, 
(2) With reference to a developmental back- 
ground, 
v—1 
v+1 
jy and py represent in terms of relative growth: 
1 Excess growth rate of female over male 


2° Mean growth rate 
Tables IV and V exhibit the values of the indices, 


y= tan 6, (viii) 


in order of increasing heteroplasia, over the whole 
age-range for the dimensions satisfying the stipula- 


tions (1) a and (2) a above. 
As regards satisfaction of condition (3) above, a 
refinement which could be practised at this stage is 


TABLE IV 


INDEX OF SEXUAL HETEROPLASIA OVER WHOLE AGE- 
RANGE FOR SELECTED DIMENSIONS 


(CHRONOLOGICAL Basis) 





Rank 





Dimension l by 
] Trunk length 0-9817 —0-0092 
2 Weight ; 0-9149 0-0444 
3 | Abdomen .. 0-8975 0-0540 
4 Thorax (xiphoid) 0-8720 —0-0684 
5 Sitting height 0-8656 —0-0720 
6 Thorax (nipple) 1- 1623 +0-0751 
7 Arm length .. 0-7771 —Q- 1254 
8 Total arm length 0-7593 -0- 1368 
9 Height bs 0-7418 —0- 1482 
10 Hand length 0-7195 -0- 1631 
11 Leg length 0-7030 —0- 1744 





1/=sexually differential growth coefficient. 
41=index of sexual heteroplasia. 


the standardization of the indices according to their 
consistency in conforming to a particular trend, i.e. 
by weighting with the appropriate values of R?. 
Since the latter is consistently near to 1, this pro- 
cedure makes no difference to the rank order of the 
dimensions with regard to heteroplasia (Table VI, 
overleaf). The dimensions do not differ signifi- 
cantly in their proximity: to strictly linear con- 
comitant variation of boys and girls. 

Returning to Tables IV and V, we notice firstly 
that there is a high preponderance of negative indices 
indicative of heteroplasia in favour of the male, and 
secondly that there is a considerable difference in 
the order of heteroplasia on the chronological and 
developmental assessments. On a priori grounds 
it would be expected that the different methods 
should give two estimates of the same concept, since 
much of the net effect of the pubertal acceleration 
will be common to both sexes, and only the residual 


TABLE V 


INDEX OF SEXUAL HETEROPLASIA FOR SELECTED 
DIMENSIONS 


(DEVELOPMENTAL BASIS) 








| 
Rank Dimension v Ky, 
1 Arm length .. 0-9910 -0-0045 
2 | Weight 0-9883 —0-0059 
3 | Abdomen 1-0260 +0-0128 
4 | Trunk length 1-0825 +0-0396 
5 | Thorax (xiphoid) 0-9236 —0-0397 
6 | Total arm length 0-9053 —0-0497 
7 | Leg length 0-8767 —0-0657 
8 Height ; 0-8627 —0-0737 
9 | Thorax (nipple) 1-1931 | +0-0880 
10 | Sitting height 0-8216 —Q-0979 
11 Hand length 0-7951 | —O-1141 





vy=standardized sexually differential growth coefficient. 
My=index of sexual heteroplasia. 
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TABLE VI 
INDICES OF HETEROPLASIA 
STANDARDIZED WITH REFERENCE TO LINEAR CONCOMITANCE 














Chronological Assessment Developmental Assessment 
Dimension : 

2 

Rank byR, Rank MR, 

Trunk length .. 1 —0-0094 4 +0-0401 
Weight ; 2 —0-0453 2 —0-0059 
Abdomen ; 3 —0-0558 3 +0-0129 
Thorax (xiphoid) 4 —0-0707 5 —0-0411 
Sitting height 5 —0-0738 10 —0-0988 
Thorax (nipple) 6 +0-0764 9 +0-0886 
Arm length 7 —0-1279 | —0-0046 
Total arm length 8 —Q- 1394 6 —0-0500 
Height ia 9 —0- 1495 8 —0-0744 
Hand length .. 10 —0- 1670 11 —0-1159 
Leg length 11 —0-1775 7 —0-0667 











&=indices of sexual heteroplasia. 
R*=criteria of linearity. 


variation will show itself in the values of y,;; and 
only by virtue of the fact that the pubertal accelera- 
tion is approximately equivalent in the two sexes do 
we satisfy our condition (i.e. linear relationship) 
with respect to v and py. In spite of the slightly 
different connotations of / and v consequent upon 
the exclusion of the younger male and older female 
age groups in the computation of y, it is legitimate 
to regard both as representative of the course of 
relative growth, standardized with regard to 
differential time of onset of sexual maturation. If 
we regard yz; and 4, merely as different estimates, 
we are justified in combining them by finding their 
arithmetic mean. If, on the other hand, we regard 


the two sets of indices as not directly comparable 
but mutually dependent on a common causal 
system, we can effect a compromise in the order of 
the dimensions by taking the mean of their rank 
scores. These two procedures are demonstrated 
in Table VII. 

From Tables [V to VII we can now make out a 
short-list, characterized by close proximity to zero, 
of indices obtained by both appraisals of relative 
growth between the sexes; weight, trunk length, 
abdominal circumference, and lower thorax circum- 
ference will comprise this short-list. Of these, 
weight is rejected since it is a cubic measure (see 
below) and of restricted value for comparison with 


TABLE VII 
INDICES OF HETEROPLASIA 
MEANS AND MEAN RANK SCORES FOR CHRONOLOGICAL AND DEVELOPMENTAL ASSESSMENTS 




















A. 4(My7+hy) B. Mean Rank Score 
Dimension 

Rank Value Rank | Value 
Trunk length .. I —0-0152 2 2:5 
Abdomen 2 —0-0206 3 3-0 
Weight re 3 —0-0252 1 2:0 
Thorax (xiphoid) 4 —0-0541 5 4°5 
Arm length .. 5 —0-0650 4 4-0 
Thorax (nipple) 6 +0-0816 j= 7:5 
Sitting height 7 —0-0850 T= 7°5 
Total arm length 8 —0-0933 6 7-0 
Height 9 —0-1110 9 8-5 
Leg length .. 10 —0Q-1201 10 9-0 
Hand length .. 11 —0- 1386 11 10°5 

cite 





iu [=index of sexual heteroplasia (chronological basis). 


“ =index of sexual heteroplasia (developmental basis). 
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our other dimensions. We must hesitate in giving 
precedence to circumferential measurements as 
indicators of the basic growth-potential of the body, 
since biological considerations lead us to suppose 
that a number of distinct growth-gradients will be 
involved. Consequently trunk length is adopted as 
our standard of reference for estimation of regional 
differential growth rates. 

Additional support for this choice may be 
obtained from study of both parameters of the 
allometric equation for trunk length: 


T= 1: 074(Tyn)®: 9817 


The differential growth constant, as well as the 
coefficient, is very close to unity, i.e. there is with 
respect to trunk length a close similarity between the 
sexes, not only of growth but also of absolute size. 


3. Spectic GROWTH COEFFICIENTS 


Having selected trunk length on empirical grounds 
as our sexually invariant dimension, -we now 
proceed to plot, separately for each sex, mean values 
of any other dimension A for each age group as 
ordinates on a double logarithmic grid against the 
corresponding mean trunk length. Our exploratory 
graphs fall into two categories according to whether 
there is evidence of one or two distinguishable linear 
trends. That the fitted lines are justified as sum- 
marizing trends of relative growth during the age 
periods they represent we may judge by the goodness- 
of-fit criteria tabulated below. 

We may express each phase of growth along a 
dimension A relative to trunk length (7) as follows: 

(a) For males: 


log Am=6 log Ty, +h (i) 
*. Am =HTs, (ii) 
Differentiating (i), 
dAm , on 
dT», b Tn (iii) 
dAm dTm . 
pt en iv 
or = b T.. (iv) 
(b) Mutatis mutandis for females: 
log Ay=g log Tp +j (v) 
*, As=JT;, | (vi) 
dAr Ar ” 
and _* — 
aT; g T; (vii) 
d Af dT; - 
or a ‘ 
i g T; (vill) 


We refer to the parameters 5 and g, representing 
growth-partition between the trunk and dimension A, 
as the specific growth coefficients (S.G.C.s) of the 


dimension A for boys and girls respectively. H and 
J are the specific growth constants. We have, 
therefore, a convenient method of comparing 
growth-rates specific for certain dimensions of the 
body in terms of: (a) proportionate size of the 
dimension, equations (iii) and (vii); (6) growth rate 
along trunk length, equations (iv) and (viii). 

We employ Huxley’s nomenclature to designate 
change of relative proportions with increase of 
absolute size as allometry. The use of “ hetero- 
gony”” in this sense has been rejected because of 
ambiguous or alternative meanings (Huxley and 
Reeve, 1945). Accordingly, we can define dimen- 
sions of the body which are growing faster or slower 
than trunk length respectively as positively or 
negatively allometric, the appropriate S.G.C.s 
having values greater or less than unity. For the 
special category where b (or g) is equal to unity we 
speak of isometry. The existence of monophasic 
or diphasic growth patterns for each dimension 
underlines the theme of Huxley’s thesis that specific 
growth coefficients are normally constant for long 
periods of the life-history, and from time to time 
undergo abrupt changes. One dimension (cephalic 
breadth) appears to be triphasic with respect to the 
female. 

The trends of specific growth for all our dimen- 
sions are shown by Figs. 3 and 4* (overleaf) and 
Table VIII (p. 170). For each phase of growth, 
defined in terms of pubertal age (see Table ID), 
Table VIII exhibits the S.G.C. and growth constant 
of each dimension in the two sexes, together with 
the proportionate residual variance, 100 (1 — R?%), 
and the product-moment correlation coefficient. 

Growth equations per se are a fiction and have 
value only to summarize the average course of 
growth over a period; but in seeking an understand- 
ing of the underlying Entwicklungsmechanik at 
particular stages of the life-history, we can discuss 
the several levels of allometry estimated for our 
dimensions during particular phases of growth, 
taking trunk length as our base-line, i.e. as the 
definitive isometric axis. 

The specific growth coefficient is a multiplicative 
index, i.e. a ratio of growth rates, and in this form 
is meaningful; but comparisons referable to 
allometry of opposite sign introduce a disparity of 
range, viz. 0 to 1 in the domain of negative allometry 
and 1 to oo in the positive. A derived function of 


* For the sake of clarity in comparison of male and female growth, 
the individual points (paired measurements) have been omitted from 
these graphs. 


{+ This approach shows up the inadequacy of previous allometric 
analysis. It is meaningless to speak of allometry unless we state 
with reference to what dimension the relationship holds. That we 
need the same basis for comparison is now self-evident; the standard 
is necessarily arbitrary but should be uniform for the groups compared. 
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in females, monophasic in males; (/) triphasic in females, monophasic in males. 


Broken line: males. 


the S.G.C. with a discrete range, ideally of +1 about 
zero, is preferable. Accordingly, we use whichever 
form of the ratio between the growth coefficients is a 
fraction of unity: thus if b or g<1 we consider 


Full line: females. 


(a) if O0< (S.G.C.) < 1, 
po=b-—1 and pg 
(b) if 1 < (S.G.C.), 


I 
po=1 Zand Peg 
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TRUNK LENGTH 
Fic. 3.—Specific growth-rates of selected dimensions, illustrated by logarithmic plotting relative to trunk length. 
(a), (b), and (c) monophasic growth in both sexes; (d) monophasic in females, diphasic in males; (e¢) diphasic 
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Fic. 4.—Specific growth-rates of selected dimensions, 
(a), (6), and (c) sexually concordant diphasic growth; (d), (e), and (f) sexually discordant diphasic 


length. 
growth. 


Broken line: males. 


respectively. Trunk length is then increasing itself 
at three times the rate of A, and B is growing three 
times as fast as trunk length. The equal allometry 
is shown by the p derivatives: 


for A, p =(S.G.C. - 1)= - 


1 | 
aa» ——$_$___—_—_ — 1 —_— —_ —— 
(S.G.C.) 37 
_ The figures set out in Table IX (p. 171) appear to 
justify the restricted use of this device, which 
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illustrated by logarithmic plotting relative to trunk 
Full line: females. 


preserves the ordinal rank of the S.G.C.s though 
their absolute magnitudes are not directly com- 
parable, and of course facilitates the comparison of 
positive and negative coefficients. 


4. Tue RELATIVITY OF ALLOMETRIC GROWTH 


At this stage it is pertinent to comment on 
dangers inherent in conclusions from growth 
gradients referable to indiscriminately chosen bodily 
dimensions. As before, we can write for each 
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TABLE IX 
INDICES OF ALLOMETRY (?b AND Pg) FOR SEPARATE PHASES OF SPECIFIC GROWTH 







































































Boys GIRLS 
Dimension = 
| Pubertal Age (years) Pb Pubertal Age (years) | Pg 
Weight ..| (—4:5)H43°5) 0-6991 (—2-5){+5°5) 0-6774 
Height ..| (—4-5)4(43°5) 0- 1625 (—2-5){+5-5) 0-0749 
Sitting height ..| (—4-5)}(4+3°5) —0-0313 (—2-5)-(+5:°5) 0- 1405 
Thorax circumf. (nipple) ..| (—4-5)44+3°-5) 0: 1334 (—2-5)(+5-5) 0: 2647 
Thorax circumf. (xiphoid) .| (—4-5)1(43°5) 0-0076 (—2-5)+5:-5) 0-0989 
Abdominal circumference ..| (—4-5)4(4+3:5) 0-0028 (—2-5)-(+5°5) 0-0761 
Total arm length | (—4-5)4(41-0) 02951 (—2-5)(+1-5) 0- 1987 
| (+1-0-(43-5) —0- 1493 (+1-5){+5°5) 0- 1894 
Arm length | (4:5 +1-0) 0-3221 (—2-5)-(+1°5) 0- 3007 
| (+1-0)(+3:-5) —0-2147 (+1-5)(+5°5) —0-4309 
Hand length = at . (—4-5)(+3:°5) 0-0916 (—2-5)(+5:°5) 0-2075 
Leg length .| (—4-5)(+1-0) 0-3095 (—2-5)(+1-5) 0-2908 
(+1-0)-(+3:-5) —0-1314 (+1-5)(+5:5) 0-3739 
Trunk depth | (—2-5)-(45:5) 0-0428 
(—4-5)(+0°5) —0- 1995 
(+0-5)(+3°5) 0- 2679 
| 
Neck girth hy - om (—4-5)-0 —0Q- 3672 (—2-5)(+0°:5) | 0-6615 
0 —~(3-5) 0-2672 (+0-5)(+5:°5) 0-2784 
Trunk width | (—4- 543-5) 0- 3303 
(—2-5)(+1-5) 0-4525 
| (+1-5)}(+5:5) 0-2442 
Bisacromial width | (—4-5)(+1-0) —0-2825 (—2-5){(+1-5) 0-2582 
(+1-0)-(+3:-5) 0-2592 (+1-5)}(+5:°5) 0-0568 
Bispinous width (—4-5)(+0-5) —0Q- 1597 (—2-5)(+2:-0) 0- 1082 
(+0-5)-(+3°-5) —0-7779 (+2-0)-(+5:5) 0-4307 
Cephalic length (—4-5)-0 —0-8049 (—2-5)(+2:°0) | 0- 7304 
0 —(+3-5) —0-4172 (+2-0)-(+5:-5) 0-9755 
Cephalic breadth (—4-5)(+3°-5) —0Q-7477 
(—2-5)(+1:0) | 0- 7286 
(+1-0)-(+3:0) 0-9416 
(+3-0)-(+5:5) —Q-3579 
phase of growth of a dimension A (ordinate) d dAr . dBr (iv) 
relative to a second dimension B (abscissa), ao Ar SAB By 
: h . 
either Am=H,, - BS, (1) We here designate parameters 5, and g,,, 
o pre Bee. (ii) being linear gradients referable to the course of 
. ae Se relative (i.e. logarithmic) growth of boys and girls 
T dAm dBm os respectively, as the relative growth ratio between 
hus > ata . (ili) gimensions A and B for males and females. We 
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TABLE X 
RELATIVE GROWTH RATIOS AND CONSTANTS FOR SELECTED PAIRS OF DIMENSIONS 
| ——— 
Dimensions ar Boys Girls 
AYXB | Pubertal Age = baw = Haw = ‘100(1-R*) sr Pubertal Age = San Jaz 1100 |-R’) 
Bisacromial width | (—2-5)(+0-5) 5-8482 1-48(107)| 4-50 | 94 
pe (—4-5)(4+3:-5) 0:9606 1-078 1-54 0-986 | 
Neck girth (+0:-5)-(+5-5) 1-2544 0-4921 | 2-14 | Q4 
Bispinous width (—4-5)-(+0-5) 1:2490 0-1237 8-61 0-836 (—2-5)(+2:5) 1-5141 0-0549 0-68 | 94 
Neck girth (+0-5)-(+3-5)  0°-2004 4-283 8-82 0-512 (+2-5)(+5:5) 2:°4395 0-0024 1-89 9 
Cephalic length (—2-5)-(+2-0) 0-4880 3°552 4°59 
x (—4-5)-(+3-5) 0°3504 5-653 2:04 0-981 
Neck girth (+2:-0)-(+5-5) 0:0218 16-82 1-73 | 04 
Weight «x Height (—4-5)(+3-5) 2-7787 0-00107 2:41 0-994 (—4-5)(4+3-5) 3-3499 0-0001 5-23 |9 





b 
H 


AB 
AB 


relative growth ratio between dimensions A and B. 84R 
relative growth constant. 


use H, and J, zp as corresponding relative growth 


constants. Relevant data for such selected com- 
parisons appear in Table X, in which values 
of 100 (1-—R°) ‘justify the use of linear sum- 
marizing trends. Fig. 5 (opposite) shows the course 
of growth along three diphasic dimensions relative to 
neck girth, which also exhibits a diphasic pattern 
of growth. Wherever we plot two diphasic dimen- 
sions inter se, we observe, with reference to the 
discontinuities, the effect of either reinforcement 
(growth-rates change in opposite directions) or 
cancellation (both increasing or decreasing). The 
latter may be complete or partial. 

On the threshold of puberty in the male, neck 
girth, bisacromial width, and cephalic length alike 
enter upon a phase of more intensive growth, while 
growth of the bispinous dimension decreases. Neck 
girth and bispinous width of the female, in contrast 
to bisacromial width and cephalic length, undergo 
aspurt. Interpretation of Fig. 5 in the light of these 
is simple against the background of information we 
derive from choice of an appropriate sexually 
invariant dimension. It is true that we could 
justifiably make comparison of growth along any 
dimensions we choose by always using the same 
abscissa, e.g. relative to neck girth in Fig. 5a, b, and 
c; but this would be of limited utility because of the 
fallibility of comparisons between growth rates of 
corresponding dimensions in alternate sexes. For 
instance, we should be tempted to conclude that a 
dimension A having the same growth-rate with 
respect to the neck in both sexes was sexually 
invariant; we should be unable to come to any 
decision on this question if we were ignorant as to 


-relative growth ratio. 
J 4n=Telative growth constant. 


100(1-R2)= goodness-of-fit criterion. 
r=product-moment coefficient of correlation. 


whether in fact increase of neck girth was itself 
sexually invariant—a condition for the conclusion 
stated. 

The weight-height relationship is often cited as a 
parameter descriptive of bodily habitus, and the 
expression W ©C H3 is held to be definitive of this 
relationship. Table X includes the parameters of 
the growth equation together with the estimates of 
conformity to a linear trend. The estimated 
relative growth ratio of weight to height, 2-78 for 
males and 3-35 for females, is evidently a sexually 
differential characteristic. In this connexion a 
confirmatory technique suggests itself. If we 
designate the S.G.C.s of dimensions A and B for 
boys as b, and 5 respectively, 








dA dT, 
then fo a 
Am A Tne 
and ~~ . Se, 
Bm ad m 
so that, other things being equal, 
dAm a " ABm 
Am b. "Be 
y () 
nite V 
b =b, / 
B 


The qualification is necessary since the argument 
assumes that the residual variation about the linear 
trends for A and B is negligible and that there is no 
special conformity or retro-action between A and B 
which would not show in estimations of growth 
rates relative to trunk length. We shall obtain 
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(a) CEPHALIC LENGTH by NECK GIRTH ccm) 


Cephalic 
Length 


20 











26 30 34 
Neck Girth 


Bispinous (©) BISPINOUS WIDTH by NECK GIRTH ‘cm.) 
Width 


955 


855 











26 30 34 
Neck Girth 


Fic. 5.—Indiscriminate selection of a standard dimension for comparing growth-rates in the two sexes. 
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ane (b) BISACROMIAL WIDTH by NECK GIRTH (cm) 
Width 


304 


265 








26 30 34 
Neck Girth 


Bispinous (d) BISPINOUS WIDTH by BISACROMIAL WIDTH (cm, 
Width 
95 


907 


854 


804 





754“ 








- T eae 


26 30 34 
Bisacromial Width 
(a)-(c), 


showing use of neck girth as a yardstick, give pictures which are prima facie misleading (cf. Fig. 4). (c) and (d) 
contrast patterns of growth of bispinous width relative to different standards. 


Broken line: males. 


approximate agreement with the formal postulate 
of equation (v) where there is close correlation of 
growth processes of the dimensions A and B and 
trunk length, and more divergence where the 
summarizing trends of which b, b. and b. are 


parameters are less exact, although each may be 
Valid in its own right. The S.G.C.s for height and 


Weight and the ratio of these, with the relative 
growth ratio for these dimensions inter se have been 


Full line: females. 


tabulated (Table XI, overleaf), and it will be seen 
that there is a strikingly close agreement, which 
enhances the validity of the method we are exploiting. 


Application of the same procedure to other pairs 
of dimensions shows that the approximations and 
assumptions in the confirmatory technique are not 
always justified (Table XI). Furthermore, the age- 
delimitations of the discrete phases of growth do 
not always conform for the two regions in question, 






























































174 R. H. CAWLEY, J. A. H. WATERHOUSE, AND HAMILTON HOGBEN 
TABLE XI 
COMPARISON OF RATIO OF S.G.C.s WITH RELATIVE GROWTH RATIO 
(S.G.C.)4 Relative 
AXB Sex Phase GG.), (S.G.C.) 2, Growth 
(S.G.C.)z Ratio 
Weight M. (monophasic) 3-3240 1- 1936 2:7849 2:7787 
x —__ ————— — — —_— —_———______ 
Height F, (monophasic) 3-0928 0:9251 3-3432 3-3499 
v 0-6328 01904 st« 235 
Neck girth M. 3- 3240 
2 1 - 3646 0-4107 0- 3432 
0-3385 0- 1094 0-1000 
Weight F. 3-0928 
2 0-7216 0- 2333 0-235] 
0-8403 0-6328 1.3279 1-2490 
Bispinous width M. 
2 0-2221 1 - 3646 0- 1628 0-2004 
I 0:8918 0- 3385 2-6346 : 1 SI4D 
‘ Neck girth F. 
2 1: 7571 0:7216 2-4350 2-4395 
| 0-1951 0-8403 0-2321 0- 1678 
Cephalic length M. 
Z 0-5828 0-2221 2-6240 1 -4357 
0:2696 —-0-8918 0: 3024 0-2903 
Bispinous width F, 
Zz 0-0245 1-757! 0-0066 0-0023 
so that in effect we may be comparing the ratio of _ _ dAm } 
the S.G.C. of dimension A over a period of x years *° that dT» 4 
to that of B over » years, with the relative growth 
ratio of A to B over z years. a dA; - 
An alternative confirmatory technique is a ~ dTy ‘A 
corollary to equation (v). If the S.G.C.s for a g 
dimension A, for the whole age-period, for boys A dAy dT». 
; ' whence —- , ——; 
and girls respectively are 5 / and g b, dA, aT , 
TABLE XII 
COMPARISON OF RATIO OF S.G.C.S WITH SEXUALLY DIFFERENTIAL GROWTH COEFFICIENT 
360 
Dimension A $e ga 
SA —.Ap l, 
bs 8A ine bs 
ba 
Weight 3-3240 3-0928 0-9304 0-9134 0-9149 
Height re 1- 1936 0:9251 0:7751 0- 7609 0-7418 
Sitting height 0-9687 0-8595 0-8873 0-8711 0- 8656 
Thorax (xiphoid) .. 1-0081 0-9011 0-8939 0-8775 0-8720 
Thorax (nipple) - 1- 1537 1-3599 1-1787 1-157] 1- 1623 
Abdominal circumference 1-0033 0-9239 0-9209 0-9040 0-8975 
Hand length 1- 1007 0-7925 0-7200 0- 7068 0:7195 





b =S.G.C. (male) of dimension A. 
i. S.G.C. (female) of dimension A. 


/ =sexually differential growth coefficient of dimension A. 
= sexually differential growth coefficient of trunk length, (—— 1). 


anc 
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18 
56 
20 
23 
75 
95 
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and if the slope of the mean trend of growth of girls 
relative to boys along A, again for the complete 
age-range studied, is /, (see Table I) 


dA; 
= l, 
so that ae 
g 
then ss = aT 
4 ~ Bb” dTm 
b , 
i.e. L = z oly (vi) 
A 
and as f. = 1, according to our assumptions, 
/ g oe 
J = (vii) 
A 


Since S.G.C.s and sexually differential growth 
coefficients are estimates, we introduce a new source 
of error by computing the ratio of two such indices. 
Nevertheless, the procedure reinforces our confidence 
in the use of the allometric equation. Table XII 
exhibits the sexually differential growth coefficients, 
and analogous approximations derived from specific 
growth coefficients, for dimensions showing a 
constant $.G.C. throughout our age-group. There 


: & 
is very close agreement between 4 . i. and L , 
b 


A 


When we give ‘. its theoretical value (=1), the 


g P 
correspondence between 4 and y is also good. 


b 
A 


Such correspondence justifies this type of analysis 
and vindicates the choice of trunk length as a basis 
for comparison. 


5. Sex DIFFERENTIALS IN SIZE AND SHAPE 


The term sexual heteroplasia has already been 
introduced to denote differential growth rates 
between the sexes, and sexual dimorphism here 
signifies, in its literal sense, differential size and 
shape. The two concepts are, of course, inter- 
dependent; sexual dimorphism is a direct result of 
heteroplasia, but the same organ may at different 
stages in the life cycle be: (a) sexually isomorphic 
and heteroplasic; (5) sexually dimorphic and homo- 
plasic. The condition for dimorphism is a state of 
heteroplasia over some period of the life history; 
but successive phases of positive and negative 
heteroplasia, or vice versa, in the same dimension 
may result in isomorphism. 

Differential and specific growth coefficients are in 
fact growth ratios standardized with respect to the 
differential size of the dimensions compared, and 
offer no direct indication of the latter. We can 
obtain an estimate of relative size from the zenera 
c. ya Viz. m3 

‘ Am ' 
pler and in addition useful as a confirmatory device 
to compute such directly from the data. We can 
investigate sexual dimorphism between boys and 
girls of the same chronological age, and thus observe 


formula A¢= we ce. but it is simp- 


TABLE XIII 


INDEX OF SEXUAL DIMORPHISM 
(CHRONOLOGICAL BASIS) 





s for Age (years) 





Dimension @ 





8-75 11-25 13-25 16-75 
l. Weight 0-0217 —0-0164 0-0615 —0-0586 
2. Height : 0-0167 —0-0045 0-0168 —0-0238 
3. Sitting height 0-0015 —0-0045 0-0021 —0-0250 
4. Trunk length 3 0-0011 —0-0117 0-0152 —0-0061 
§. Abdominal circumference . . 0-0159 —0-0147 0-0020 —0-:0171 
6. Thorax circumference (nipple) —0-0106 —0-0153 0-0238 —0-0087 
7. Trunk depth : —0-0215 —0-0439 —0-0009 —0-0890 
8. Neck girth —0-0133 —0-0282 —0-0130 —0-0732 
9. Arm length —0-0105 —0-0415 —0-0212 —0-0637 
10. Total arm length —0-0032 —0-0256 -0-0090 —0-0549 
ll. Cephalic length —0-0147 —0-0170 —0-0050 —0-0462 
12. Leg length 0-0224 0-0033 0-0207 —0-0309 
13. Trunk width —0-0068 —0-0205 —0-0464 —0-1130 
14. Thorax circumference (xiphoid) —0-0272 —0-0136 0-0045 —0-0425 
15. Bisacromial width is 0-0195 0-0490 0-0737 0-0382 
16. Bispinous width —0-0020 —0-0038 —0-0077 0:0454 
l7. Hand length .. 0-0111 0-0178 0-0250 —0-2977 
18. Cephalic breadth —0-0231 —0-0151 —0-0131 —0-0210 
19. Bizygomatic width .. 0-0176 0-0245 0:0276 0-0227 


| 





N.B.—Positive values indicate larger size of female. 
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changes in its nature and extent pari passu with 
constant or changing phases of heteroplasia. To do 
this we have constructed an index of sexual di- 
morphism (s) analogous to the indices of heteroplasia 
(see equations (vi) to (viii)). For a dimension A, 
with the usual notation, 


1 Excess size of female dimensions over male 


55 ° Mean size of dimension in the two sexes 
Ay-A 
i.e. fom, 

Ar +Am 


It is not possible to construct an index which has a 
convenient range and also retains a precise signifi- 
cance in terms of relative size. The index s has in 
practice a limited range, and a value of zero signifies 
isomorphism. So defined, positive dimorphism 
signifies larger size of the female in the relevant 
dimension, negative dimorphism the reverse. 

We have seen that we may distinguish three 
phases of differential growth in the age range 
studied: (i) both sexes are prepubescent; (ii) girls 
only have entered upon puberty; (iii) the process 
has already started in both sexes. Table XIII 
exhibits values of s for the youngest chronological 
age-group in the sample, for the estimated ages of 
onset of each succeeding new phase of relative 
growth, and for the upper age limit of our records. 
Examination of this table reveals what we might 
expect: 

(a) The index s is lower at the beginning of puberty 
in females than at the start of the age range, 
i.e. girls are in general smaller relative to boys 
at 11-25 years than at 8-75. Indeed, at the 
time of onset of puberty in girls, their size 
is absolutely smaller than boys of the same 
age along all dimensions studied except 
shoulder width, hand length, and leg length. 

(b) When girls have been pubescent for two years 
and boys are on the verge of the process, they 
are bigger than boys along most dimensions, 
and where still absolutely smaller, are less so 
than they were two years previously, the only 
exception being referable to trunk width. 

(c) For our oldest age group there is again a 
preponderance of negative indices; boys are 
bigger than girls at this age along all dimen- 
sions except bisacromial and _bispinous 
widths. 


Computation of the proportionate size of pairs of 
dimensions at particular ages (Table XIV, opposite) 
gives an immediate clue to the somatic outline 
characteristic of each sex. Trunk length contributed 
slightly more to total stature in boys than in girls in 
the youngest age group and less in the oldest age 
group. This is en rapport with: (a) a smaller pro- 
portionate contribution of leg length in young boys 
than in girls of the same age group; (4) the reversal 


of the situation for the older ages; (c) what oy 
figures disclose concerning growth of legs relative to 
trunk. In short, there is greater emphasis on trunk 
in the contour of the prepubescent boy and on legs in 
that of the prepubescent girl. During the course of 
puberty, the picture changes. Boys become pro. 
portionately longer in the leg than girls. Arms of 
boys are throughout proportionately longer than 
those of girls; and the female arm is appreciably 
shorter in relation to the leg than is that of the male 
Trunk width becomes proportionately larger in boys 
and smaller in girls, and trunk depth is consistently 
greater in boys. Bisacromial width becomes 
proportionately greater in girls and less in boys: 
but there are indications which point to a reversal 
of these trends subsequent to the age of our oldest 
group. Bispinous width of boys becomes smaller 
in relation to trunk length while that of girls remains 
fairly constant. 


6. MORPHOGENETIC PATTERNS OF SEXUAL 
MATURATION 


If we attribute the inception of a new phase of 
growth at puberty to a specific stimulus incident to 
the sexual metamorphosis, we can conveniently 
subsume our dimensions within the following 
fourfold taxonomy: 


Type 1. Growth monophasic in both sexes. 

Type 2. Growth monophasic in males, diphasic 
(or triphasic) in females. 

Type 3. Growth monophasic in females, diphasic 
in males. 

Type 4. A. Sexually concordant diphasic growth. 
B. Sexually discordant diphasic growth. 


Our main findings for each dimension studied, 
thus classified, appear in Table XV _ (overleaf). 
In almost every case, our criteria of reliability 
vindicate what the figures convey. Against this 
background we are in a position to present a more 
coherent picture of sexually differentiated growth. 
To avoid periphrasis, it is necessary to emphasize 
that all statements which follow refer to group 
averages in contradistinction to individuals. 

Trunk.—The depth of the trunk does not greatly 
alter proportionally in either sex. Younger boys 
(age 8-75) are isomorphic with girls in length, and 
are both thicker and broader (at all levels measured). 
With increasing age, length remains uniform, boys 
continue to be thicker than girls and become 
increasingly broader. Trunk width forms af 
increasingly greater proportion of thorax circum- 
ference at the nipple in boys (Table XIV), a fact 
which is responsible for the unexpectedly high rate 
of increase of the latter dimension in. boys and its 
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XIV 
SELECTED DIMENSIONS 





Boys 


Girls 





Dimensions 


Ratio for Age (years) 





Ratio for Age (years) 
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8:75 | 11-25. 13-25. 16°75. 8°75. —s«11-25—s«13-25 | 16-75 
Sitting height 05531 | 0-5269 0-5246 0-5218 0-5363 | 0-5269 0-5290"| 0-5205 
Height 
Trunk teagih 0-3279  0-3214 | 0-3223 0-3131 | 0-3178 | 0-3168 03213 | 0-3244 
Height 
tog tag 0:5246 | 0-5361 | 0-5409 | 0-5518 | 0-5306  0-5445 0-5452 0-5448 
Height 
Leg length 
16000 | 1:6680 | 1-6781  1-7622 11-6695 1-7189 | 1-6970 1-6770 
Trunk length 
: | A ee ae | : _ ¥ 
Total arm length 1-3576 | 1-3959 | 1-4153. 1-4736  1-3458 | 1-3578 | 1-3487 | 1-3366 
Trunk length 
Hand lagi 0-2742 | 0-2575 | 0-2559  0-2530 0-2846 | 0-2808 0-2739 0-2662 
Total arm length 
Leg length 
1-1786 1:1949 | 1-1857 | 1-1958 11-2405 | 1-2660 | 1-2582 | 1-2547 
Total arm length 
Trunk width 0:3990 0-3915 | 0-4092 | 0-4553 | 0-3928 | 0-3847  0-3618 0+3673 
Trunk length 
Trunk depth 0-3483 03475 | 0:3396 00-3718 | 0-3329 | 0-3259 0-3288 | 0-3304 
Trunk length 
Treak width 0-2586 | 02701 | 0-2685 0-2803 0:2606 0-2556 0-2333  0-2273 
Thorax circumf. (nipple) | 
Bisacromial width | ; 
0-6263 | 0:5902 | 05803 0-6097 | 0-6498 | 0:6664 | 0-6525 0-6662 
Trunk length 
Bispinous width » 
. 0-1802 | 0-1748 | 0-1763 0-1652 0-1806  0-1776 | 0-1737  0-1832 
Trunk length 
Bispinous width 
0-2878 | 0:2963 | 0-3039 0:2710 0-2779 00-2666 0:2662 0-2750 


Bisacromial width 





isomorphism in spite of the effect of inclusion of the 
female breasts. Trunk width also progressively 
increases in boys in relation to trunk length, and 
decreases in girls. Trunk depth is greater in 


Proportion to length in boys and tends to become 


increasingly so. Vertically and horizontally in the 
dorsoventral plane, there is a sharp spurt of growth 
at the beginning of puberty in either sex; but trunk 
width appears to respond to a specifically male 
stimulus. 
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TABLE XV 
BALANCE-SHEET OF PUBESCENT GROWTH 
Sexual Heteroplasia Sexual Dimorph- Allometry 
ism 
Phase Female Male 
Dimension — ' 
| Pubertal | Pubertal 
| 2 pubes- 75-| age at age at 
Prepub-| cent Pubescent | 16. 75| 8-75 16-75 |Phasel Phase 2 linception| Phase 1 | Phase 2 inception 
escent | f prepub- years | years years | of new | of new 
escent phase | phase 
| | | 
| } 
Trunk length .. { | —— | 0 | 0 0 | 0 0 0 
} | ome 
Monophasic in both sexes | | | 
Weight . ‘ =e t+ | _— 0 ; i++- +++ ° 
Height : : 4 | —-— + 0 + 
Sitting height | ++ | — 0 0 ; 0 
Thorax circ. (nipple) 0 > | —_— 0 0 0 + | 
Thorax circ. — 0 ++ — 0 —- | O 0 
Abdominal circ. ; -— ++ | _— 0 - | O 0 
Hand length .. se 0 ob -—-— ~ athe 0 
Monophasic in males 
Polyphasic in females 
Trunk width . i —— ——— | —- 0 +1°5 
Cephalic breadth .. 0 0 0 0 —i(@) —-—- +1-0 | — 
(b) —— + 3-0 
Monophasic in females 
Diphasic in males 
Trunk depth .. = ~ ++ -— 1 © oe ae 0 +0-5 
Diphasic in both sexes | 
Sexually concordant 
Total arm length i : - - | 0O om 1-5 +1-0 
Arm length - | : 0 _—— +1-5 +1-0 
Leglength .. ey - -— + - = + 1-5 | +1-0 
Neck girth .. ie : — _ +0°5 - 0 
Sexually discordant =! - 
Bisacromial width .. + + 0 o 0 1-5 +1-0 
Bispinous width es + + + + + +4 ++ | 0 +- + + se 4 


Cephalic length + \ iat dats id ad 





It is unfortunate that measurements are lacking 
for trunk width and depth at the level of the umbili- 
cus. Such data might well reveal an underlying 
sex difference in body shape as at nipple level. 
In this context, it is also appropriate to call attention 
to the partition of total stature between head-plus- 
neck, trunk, and legs. Table XIV shows that trunk 
length contributes rather less than one-third to 
total height, and that the ratio tends to decrease 
slightly in boys and to increase in girls. Throughout 
our age-range, sitting height is a little over half of 
total stature of boys and girls alike. The ratio is 
greater for boys than for girls of the youngest age 
group; but the two differ little in the oldest group. 
Proportionately, the leg of a girl is somewhat longer 
than that of a boy at all ages. It contributes just 
over 50 per cent. to total height and increases 
relative to height in both sexes. Both trunk length 
and leg length of girls increase in proportion to total 
stature while the proportionate contribution of 
sitting height decreases. We may infer, therefore, 


that the contribution of head-plus-neck to total 
height undergoes a slight progressive decrease in 
the female. Leg length of boys becomes greater 
relative to height, while sitting height and trunk 
length decrease their contribution to total stature. 
Seemingly, therefore, head-plus-neck height does 
not change appreciably. 

Limbs.—Growth of arm length (to wrist) and leg 
length (to ankle) alike accelerate at the beginning of 
puberty (c. 11°25 and 13-25 years in girls and boys 
respectively), i.e. at the same time as, and in the 
same proportion to, acceleration of trunk length. 
There is subsequently a decrease of relative growth. 
Thus the limbs are synchronized in showing an early 
falling-off of growth, with early attainment of their 
size limit. Less certainly, the hand shows a similar 
tendency for early decline of relative growth. Since 
the hand of younger girls is longer than that of boys 
of the same age, total arm length is isomorphic for 
the group aged 84-9 years. Subsequently, the male 
hand grows more rapidly than the female, and total 
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arm length is greater in boys for our oldest group. 
The leg of the female is considerably longer in 
relation to the arm (including hand) than is that of 
the male (Table XIV) throughout our age-range, 
whilst both increase more rapidly in relation to 
trunk length in boys. 

Arm length has an S.G.C. of 1-47 in boys, sub- 
sequently falling to 0-79 some time after the onset 
of puberty, the corresponding figures for girls being 
1:43 and 0-57. The S.G.C. of hand length, concern- 
ing which there was insufficient evidence for the 
putative second phase of diminished growth, is 
1:10 for boys and 0-79 for girls, a lower net rate of 
relative growth than that of arm length. The 
allometric approach thus offers substantial evidence 
to support the postulate of a proximal-distal 
gradient of growth-potential. This may signify that 
the more distal part of the organ grows more slowly 
than the proximal region, or that it is more refractory 
to stimuli. 

Head.—The scatter of each of our three cephalic 
measurements is greater than for most other 
dimensions. From what has been said in Section 3, 
we should expect cephalic length to become greater 
relative to cephalic breadth in boys and the converse 
to be true of girls. Fig.6 depicts the trends and Table 
XVI presents the numerical data. There is for boys 
a slight decrease and for girls a lower rate of increase 
of the cephalic index (C.I.) relative both to age and 
to trunk length. By plotting the C.I. for girls 


CEPHALIC INDEX by AGE 
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Fic. 6.—Age-group means and summarizing trends for 
Cephalic Index. 


TABLE XVI 
CEPHALIC INDEX 
TRENDS IN RELATION TO AGE AND TRUNK LENGTH 














Slope 
Boys Girls 
C.I. x Age -0-1516 +0-0257 
C.I. x Trunk length —0-0853 +0-0144 





against that for boys on a logarithmic scale, it is 
impossible to discern any concurrence between the 
sexes. Our results substantiate the general conclu- 
sion that the mean C.I. increases in a female popula- 
tion and decreases in a male population, and that 
the two trends cross during puberty at the estimated 
age of 12 years. In other words, boys seem to be 
more dolichocephalic than girls before the age of 12, 
and after 12 more brachycephalic; but the variability 
which our observations disclose, whether attributable 
to insufficient refinement of measuring technique or 
inherent in the population (or, as is more likely, 
ascribable to both), compels us to state this conclu- 
sion with caution. 


Fig. 7 (overleaf) is a calendrical visualization of 
our estimation of the time relations of the main 
features of the sexual metamorphosis, including 
those investigated in Part I of the present studies. 
Dimensions specifically exhibiting a spurt or 
deceleration relative to trunk length have been 
distinguished by asterisks. At the upper limit of our 
sample, 17 years, growth is continuing in both sexes, 
presumably at decreasing absolute rates. As 
growth slows down, allometric analysis may become 
increasingly unreliable as the relative fluctuation of 
measurements tends to increase. 

We define the onset of puberty arbitrarily as the 
age at which the first qualitative indication appears. 
We have seen that this coincides with a spurt of 
growth along certain dimensions, and there may 
well be other and earlier signs of pubescence outside 
the scope of our observations. Our method of 
estimating the age at which growth accelerates is 
subject to an error of about six months, being 
dependent on the localization of discontinuities in a 
diphasic or triphasic pattern of growth. With due 
regard to this caveat, salient features emerging from 
a study of time relations are: (qa) that girls anticipate 
boys by 2-24 years in the onset of sexual maturation; 
(b) that in both sexes successive manifestations of 
puberty may overlap; (c) that with respect to 
allometric growth boys appear to undergo a more 
intense process of shorter total duration. 
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CALENDAR OF SEXUAL MATURATION 
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Fis. 7.—Summary of the main qualitative and quantitative aiitieaiiees of pubescence. 


The previous communication (Hogben and others, 
1948) focused attention on sex-specificity of pubes- 
cent growth of the bispinous and _ bisacromial 
dimensions and neck girth. Provisional conclusions 
there advanced were: (i) that a male hormone is 
decisive for neck growth; (ii) that a female hormone 
is decisive for accelerated growth of the pelvis; 
(iii) that the male and female gonads may exercise 
a contrary influence on bisacromial width, possibly 
indicative of the existence of a male growth-pro- 
moting and a female growth-retarding hormone. 

If sex hormones alone are indeed responsible, 
directly or indirectly, for the secondary charac- 
teristics of the sexual metamorphosis, we have at our 
disposal several possible hypotheses, of which it will 
suffice to specify three: (a) the secretion of a 
different hormone by each sex, the two having some 
effects in common, others opposite; (b) the produc- 
tion of two hormones by each sex, one sex-specific 
and one common to males and females; (c) a quan- 
titative difference between the relative concentrations 
of two hormones, each present in each sex. At the 
same time we must allow for the possibility, and 
indeed the likelihood, of special, and sexually 
differential, threshold responses of specific regions 
or organs to one and the same hormone. It is 
somewhat unlikely that the female pelvis would be 
stimulated to increased growth, and the male pelvis 
to retarded growth, as a result of the activity of the 


same hormone in the same, or even in different, 
concentrations.. Similar considerations apply to 
shoulder width and cephalic length. 

Whilst we can come to no definite conclusion, 
the most attractive hypothesis we might formulate, 
if exclusively to explain our own results, is (b) above. 
The widely-held, but not satisfactorily established, 
conception of the presence of closely related groups 
of androgens and oestrogens in different relative 
intensities in the two sexes is en rapport with, but not 
a necessary condition for, our findings. Androgens 
are commonly held to have a growth-stimulating 
and trichogenic effect, and may be associated with 
our postulated common factor, whilst oestrogens 
have effects specific to the female. A more satis- 
factory possibility is that the presence of the andro- 
gen group of hormones is associated with the 
features of puberty common to both sexes and 
specific to the male, and that oestrogens are largely 
responsible for specifically female characteristics. 
This hypothesis is supported circumstantially by our 
analysis, as well as by evidence both from experi- 
mental physiology and: from endocrine pathology; 
nor should we forget that production of androgen- 
like substances as well as oestrogens by the ovary 
has been established more conclusively than the 
existence of both groups in the male. Also the more 
gradual onset of the growth spurt in the female may 
be due to a lower concentration of androgens, either 
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relatively or absolutely, than in the male. Until 
a critical appraisal of the literature relating 
to experimental physiological and pathological 
approaches to the study of sex hormones has been 
made, and augmented by crucial experiment, it will 
not be possible to formulate a more satisfactory 
explanation of causal mechanisms operative during 
puberty. It is not even possible to assert with 
confidence that the accelerated growth of the body 
at puberty is a direct result of gonadal secretions; 
increased secretion of the anterior lobe pituitary 
growth hormone may be the immediate stimulant of 
pubertal growth. It is, however, convenient, within 
the limits of the information at present at our 
disposal, to regard the events shown in Fig. 7 as 
consequent upon the onset of the secretory activity 
of the ovary and the testis. 

We have demonstrated that the event usually 
taken as the signal of puberty in females, the onset 
of menstruation, does not in fact occur until over 
two years after other diacritical events. It appears 
that the cyclical activity of the ovary is a threshold 
effect of hormone concentrations, and this is 
supported by the frequent irregularities of the 
menstrual cycle during adolescence. Definition of 
the onset of puberty by menarche, though etymo- 
logically permissible, is physiologically misleading. 

It is outside the range of the present communica- 
tion to discuss relative somatic proportions of males 
and females in the adult state; but an interesting 
possibility suggests itself to explain the larger size 
of the adult male, already apparent in our oldest 
age group. At the age of 9, girls exceed boys in 
height, weight, and several other dimensions repre- 
sentative of body size in general, and at the beginning 
of puberty there is in both sexes a spurt in growth 
of the body as a whole. According to the bulk of 
published evidence, absolute growth follows an 
approximately logarithmic curve. In any case it 
slows down after acceleration at puberty, and 
eventually comes to a standstill approximately 
10 years later. Since boys start puberty two years 
after girls, we might expect them to stop growing 
later. Other things being equal, men might well 
therefore be, as in fact they are, larger than women 
in virtue of two additional years of prepubertal 
growth: but possibly also contributory to the 
greater size of the human male is a slightly greater 
intensity both of prepubertal growth and of the 
pubertal spurt. 

CONCLUSIONS 

|. The allometric equation y=kx® is satisfactory 
as an empirical method of analysis of the morpho- 
genetic pattern of human prepubertal and pubertal 
development. 


2. Special attention should be focused on the 
method of curve-fitting in the application of this 
and other growth equations. .A method of fitting 
(least square-perpendiculars) has been found more 
suitable and is also satisfactory vis a4 vis goodness-of- 
fit criteria. 

3. Females start puberty 2-24 years earlier than 
males; the inception is marked by the start of the 
enlargement of the mammary glands in the female and 
by the appearance of pubic hair in the male, con- 
currently with the onset of a tempo of more intense 
growth along nearly all dimensions in both sexes. 

4. Trunk length is virtually a sexually invariant 
dimension with reference to rate of growth and 
absolute size, and is therefore de facto a suitable 
basis for the comparison of specific growth rates of 
other dimensions in the same and opposite sexes. 
Accordingly, we speak of the specific growth rate 
of a particular dimension as its growth relative to 
that of the trunk. 

5. During puberty, there is no noteworthy 
alteration for either sex of the tempo of growth 
of the following dimensions relative to trunk length: 

Weight 

Height 

Sitting height 

Thorax circumference (at nipple and xiphoid 
process) 

Abdominal circumference 

Hand length 

6. Change of the specific growth rate at some 
time during puberty is characteristic of certain 
dimensions as indicated below: 

(a) in females alone: 

Trunk width (acceleration) 

Cephalic breadth (retardation one year 
after, and acceleration three years after, 
inception of puberty) 

(b) in males alone: 
Trunk depth (acceleration) 
(c) in both sexes: 

Arm length, with and without hand 
(retardation) 

Leg length (retardation) 

Neck girth (acceleration, more intense in 
males) 

Bisacromial width (acceleration in male, 
retardation in female) 

Bispinous width (retardation in male, 
acceleration in female) 

Cephalic length (acceleration in male, 
cessation of growth in female) 

7. Limb growth (arm and leg) undergoes a spurt 
at the onset of puberty and declines thereafter more 
steeply than growth of the trunk. 
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8. The following dimensions exhibit a_ well- 
defined heteroplasia in our age range: 

(a) Positively heteroplasic (female grows faster): 
Bisacromial width (prepubescent* only) 
Bispinous width (postpubescentt only) 

(b) Negatively heteroplasic (male grows faster): 
Hand length 
Trunk width 
Arm length (with and without hand) 

Leg length 
Neck girth 
Bisacromial width (postpubescent) 
Bispinous width (prepubescent) 
Cephalic length (postpubescent) 
9. The following dimensions are characterized 
by sexual dimorphism in childhood (at 8-75 years): 

(a) Positive (larger size in female): 
Weight 
Height 
Abdominal circumference 
Leg length 
Bisacromial width 

(b) Negative: 
Trunk depth 
Neck girth 
Cephalic length 
Thorax circumference (xiphoid process) 
Cephalic breadth 

10. The following dimensions are significantly 
dimorphic in adolescence (at 16°75 years): 
(a) Positive: 
Bisacromial width (dimorphism decreasing) 
Bispinous width (dimorphism increasing) 
(b) Negative: 
Weight 
Height 
Sitting height 
Abdominal circumference 
Leg length 
Trunk length 
Trunk depth 
Neck girth 
Arm length (with and without hand) 
Hand length 
Thorax ‘circumference (xiphoid process) 
Cephalic length 
Cephalic breadth 
11. From these conclusions it is possible to 
derive a composite picture of differential body-shape 
with reference to sex: (a) males become thicker and 
broader in the trunk, and longer in the leg, than 
females; (b) thoracic circumference becomes slightly 
greater in males, because the increased trunk depth 


* before the inception of puberty. 
t+ after the inception of puberty. 
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and width compensates for the enlargement of the 
breasts in the female. } 

12. Cephalic measurements (length, breadth, and | 
bizygomatic width) show more variability between 
mean values for successive age-groups, especially 
in males, than is characteristic of other dimensions. 
Bizygomatic width is greater in girls but shows too 
much fluctuation to be amenable to Satisfactory 
estimation of relative growth. Over the whole 
range of 83-17 years, the cephalic index shows a 
slight increase in girls, but at 12 years there is no 
apparent sex difference. In so far as our sample is 
representative, we may therefore say that before the 
age of 12 a female population is on the average more 
dolichocephalic than a male population, and that 
after 12 it is more brachycephalic. 

13. It is often stated that the relationship 
between weight and height can be expressed in the 


form: W oc H3 
A more exact relationship appears to hold good asa 
sexually differential characteristic within our age- 
range: males: Wo H2°-78 

females: W oc H3-35 
The growth ratio of weight to trunk length is more 
sexually invariant: 

males: W © 73°32 

females: W oc 73:09 

14. At the age of 17, boys are larger than girls 

with respect to all the main dimensions of the body, 
except pelvic width, shoulder width, and bizygomatic 
width. It is suggested that a contributory cause of 
the larger size of the human adult male is the delayed 
release of the sex hormone (or hormones), with a 
subsequent delay of two years in the final decline of 
body growth, i.e. the female undergoes two years’ 
prepubescent growth less than the male. 


We are deeply indebted to Professor Lancelot Hogben, 
F.R.S., who designed the enquiry as a whole and sugges- 
ted the approach explored in this communication, for his 
constant encouragement and advice; and to Miss 
G. Haines for preparing the charts. One of us (R.H.C.) 
was in receipt of a grant from the Medical Research 
Council during this investigation. 
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CONGENITAL MALFORMATIONS OF THE CENTRAL 
NERVOUS SYSTEM 


I—A SURVEY OF 930 CASES* 


BY 


R. G. RECORD and THOMAS McKEOWN 
From the Department of Social Medicine, University of Birmingham. 


INTRODUCTION 


Of the causes of stillbirths and infant mortality 
which have not shared in the general improvement 
during the last fifty years easily the most important 
are the congenital malformations. At the beginning 
of the present century, when ideas about their 
aetiology were turning from mysticism to morbid 
anatomy, their investigation could have been 
regarded as an interesting academic exercise, which 
might add something to knowledge of the intra- 
uterine environment or of human genetics, but 
could make no considerable contribution to the 
accountancy of preventable deaths. This is not 
the position to-day. The intervening years have 
added little to our knowledge of the aetiology of the 
malformations, but the effectiveness of preventive 
measures against other causes of infant death before 
and after birth has enormously altered their relative 
contribution to the total deaths. In the white 
population of New Zealand, for example, they 
recently accounted for nearly one-fifth of the deaths 
under one year (Leitch, 1944), and these figures are 
being approached in this country, where infant 
mortality attributed to malformations has shown 
a slight absolute and a large relative increase 
(Table 1). Scottish data for stillbirths and first-year 
deaths show that in the six years to 1945, 10 per cent. 
of all foetuses that reached viable age were born 
dead or died in the first year of life; more than 10 
per cent. of these deaths were ascribed to congenital 
malformations (Table II, overleaf). Expressed 
differently, 1 per cent. of all foetuses alive in the 
28th week of pregnancy died from congenital 
malformations before the first birthday. 


CAUSATION.—The subject has been reviewed 
extensively (Warkany, 1947; Gruenwald, 1947), 
and it will suffice to recall the results of the main 
lines of enquiry. In lower animals, where the 


_* This research was assisted by a grant from the Birmingham 
University Students’ Social Service Fund. 


embryos are in intimate contact with a changing 
environment, it was readily demonstrated that 
external factors can modify the course of embryonic 
development. Unspecific physical agents, such as 
x rays, ultra-violet light, mechanical shaking or 
temperature changes, and a large number of chemical 
agents which inhibit growth, gave rise in a variety 
of species to congenital deformities. The applica- 
tion of some of this work to the more uniform 
uterine environment of mammals is doubtful, but 
there is also evidence from the animal laboratory 
that the mammalian foetus may be deformed by 
external influences. On the other hand, certain 
malformations in animals are undoubtedly genetic- 
ally determined, though some of them bear little 
resemblance to the common human deformities. 
It is difficult to assess the relevance of this evidence, 
much of it on invertebrates and lower vertebrates, 
to the corresponding problem in man. The 


TABLE It 


QUINQUENNIAL INFANT MorTALITY RATES FOR ENGLAND 
AND WALES (1901-1945) 





Rates expressed as a 


Infant Deaths per percentage of those 








1,000 Live Births from 1901 to 1905 
Period 
From Con- From Con- 
genital From all genital From all 
Malforma- Causes | Malforma- Causes 
tions tions 
1901-05 4-33 138 100 100 
1906-10 4:94 117 114 85 
1911-15 3-85 110 89 80 
1916-20 4-04 90 93 65 
1921-25 4-32 76 100 55 
1926-30 4-94 68 114 49 
1931-35 5-85 62 135 45 
1936-40 6:11 55 141 40 
1941-45 5-97 50 138 36 





+ Martin, W. J. (1949). Brit. med. J., 1, 438. 
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TABLE II* 
STILLBIRTH AND INFANT MorTALITY RATES FOR SCOTLAND (1939-1945) 
Combined Stillbirths and 
Stillbirths per 1,000 Infant Deaths per 1,000 Infant Deaths per Contribution of 
Total Births Live Births 1,000 Total Births Malformations to | © 
Year Total Deaths 
| From Con- | From Con- 
From all From Foetal} From all genital From all genital % me 
Causes Defects Causes Malforma- Causes | Malforma- Ur 
tions tions 
a | M 
1939 42-2 5-83 68:5 6-35 107-9 | 11-9 11-0 
1940 42-1 6-09 78-3 6-05 117-1 11-9 10-1 Be 
1941 39-6 6-53 82-7 6-81 119-0 =| 13-1 11-0 Al 
1942 38-2 5-71 69-3 7-12 104-8 | = 12-6 12-0 : 
1943 35-6 6-07 65-2 6-21 98-5 12-1 12-3 
1944 32°5 5-93 65-0 5-96 95-4 1i:7 12-3 = 
1945 33-0 6-65 56-2 5-56 87-2 | 12-0 13-8 Ba 
a 
1939-1945 37°5 6-11 69-3 6-30 104-2 12-2 11-7 } Dr 
| r | _ 
* Annual Reports of the Registrar-General for Scotland (1939-1945). 
Jay 
importance of the uterine environment has been been misled by the emphasis on experience of 
stressed by pathologists who have cited the high highly standardized animal stocks, observed in the | — 
incidence of pathological embryos in ectopic laboratory under carefully controlled conditions. D | 
pregnancies, and in association with placenta On existing evidence we can neither support nor | 
praevia where the ovum embeds in or near the lower dismiss the possibility of a contribution from | — 
uterine segment. It has been suggested that some _ inheritance to the origin of most malformations, 7 
deformities are produced mechanically by pressure but must accommodate in our conception the | — 
on the foetus, but this is unlikely to explain the more interdependence of genetic and environmental f po; 
common and more lethal malformations. Infec- variables, with the attendant difficulty of assessing / 
tions in the mother during pregnancy have also been the relative contribution of each. The congenital Po 
considered since the report that a history of rubella malformations have now been considered from this ' 
+ . , 
could be elicited in a number of cases; most viewpoint (Lenart, 1941; Gruenwald, 1947; Pen- 
observations on this subject are open to the criticism rose, 1948; Holt, 1948) and the question will be | _ 
that the association may be fortuitous, for as a rule examined more fully in a later communication. 
the incidence of the disease in pregnant women who ; ( 
produce normal children is unknown. SOURCES oF Data.—In collecting data on human | ¢, 
Conclusive evidence about the influence of malformations a handicapped by the fact that no’ 
heredity in man is available only for the exceptional there —_ = satisfactory sources of information inf 
entiation: in which the vecceded tacidence in about individuals for whom the malformation is not | [p 
families is in accord with the known laws of inherit- certified sre the cause of death. We a om , Cer 
ance. In many other malformations an incidence iently consider sources of data in relation to deaths | og, 
higher than average is observed in the relatives of at hegethons agen coon be 20m Well for 
a malformed propositus, but this information does G a) —— . ce” efore the ata “Gall wh 
not, of course, permit us to separate environmental tersageedl™ ti - S are not noti — f ( 
and genetic effects. Twin studies are few, and must Britain until the 28th week of gestation, f and oF | an 
be interpreted cautiously in view of the special information earlier than this time we rely mainly On | cut 
difficulty of establishing the homozygosity of a observations of pathologists who ca sa ; bir 
uniovular pair aborted foetus (for example, Mall, 1917; Hertigand | ca, 
It is an indication of our increased awareness of Livingstone, I 944). Inevitably such reports am de 
the difficulties that we are no longer content to incomplete, re only "7 proportion of abort? : 
examine as exclusive alternatives the possibilities oe sos og ge tee en nell tio 
of genetic or environmental causes for most observa- Sonny CPE: Sy A we firs 
tions in human beings. In this matter we are available at Ts oo the pregnant utes 1 su 
indebted particularly to Hogben (1933), who has ‘Rock and Hertig, 1948). mb 
drawn our attention to the extent to which we have + This date is not the same in every country. = 
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TABLE III 


INCIDENCE OF MALFORMATIONS IN HOosPITAL SERIES 





ti | 


| 


Total Malformations 


Country, Author, Place Numbers per 1,000 Births 


Neonatal 
Stillbirths due | Deaths due to 


to Malforma- | Malformations Remarks 
































and Date of Births | (not necessarily| tions per 1,000 per 1,000 Live 
in Series | fatal) Total Births Births 
United Kingdom 
Malpas, 1937 Liverpool 13,964 21 _ ar 50% of malformations 
were cerebrospinal. 
Allen, Macaffee, Belfast 6,314 — — 7:3 49% of malformations 
and Biggart, were cerebrospinal. 
1943 
Baird, 1947 Aberdeen 3,296 — 4-9 5-3 Primiparae only. 
Drillien, 1947 Edinburgh 7,599 — 9-3 5-4 = 
America | 
Javert and New York 27,000 29:5 — — Includes a number of 
Stander, 1943 minor malformations. 
D’Esopo and New York 25,823 » at — _ Includes only fatal 
Marchetti, malformations. 
1942 
Newton and Bridgeport 15,421 8-4 ~- 7 65% of malformations 
McLean, 1947 were cerebrospinal. 
Potter and Chicago 27,321 — 2:4 2:4 35% of malformations 
Adair, 1943 were cerebrospinal. 
Potter and Chicago 17,657 a 1-2 2-9 — 
Dieckmann, 
1948 





(6) Deaths in utero after the 28th Week of 
Gestation—After the 28th week stillbirths are 
notified, and from this time national statistics record 
information extracted from the notification card. 
In England and Wales this does not include the 
certified cause of the stillbirth, but since 1939 the 
cause has been recorded by the Registrar-General 
for Scotland, adding greatly to the value of the data 
which can be extracted on malformations. 

(c) Deaths in the First Year of Life-—In England 

and Wales as well as in Scotland, the cause of 
Subsequent death is, of course, certified for live 
births, and the record is particularly useful in the 
case of the more lethal malformations which cause 
death in the first year of life. 
(d) Deaths after the First Year of Life —Informa- 
tion about malformed individuals who die after the 
first year of life is less satisfactory, since the fact of 
Survival to this date indicates that the malformations 
are less serious, and therefore less likely to appear 
ultimately as the cause of death. 


National statistics are, of course, subject to errors 
of diagnosis. Malformations such as anencephalus 
and spina bifida are unlikely to be missed, but others 
are not reliably diagnosed without an autopsy. On 
the other hand, it is probably not uncommon for 
the presence of an internal malformation to be 
inferred where it does not exist, or for deaths due to 
other causes to be attributed to malformations. 
For example, it is likely that the deaths of some 
infants born in a state of asphyxia livida are erron- 
eously certified as due to congenital heart disease 
(Cruickshank, 1930). Yet another source of error 
is introduced by the incrimination of a relatively 
minor malformation (for example, hare-lip or cleft 
palate) as the cause of a stillbirth or death when the 
real cause is unknown. 

In view of these difficulties, records of hospitals 
where a high proportion of cases were examined 
post mortem are of interest (Table III). The fact 
that the reported incidence of congenital malforma- 
tions varied greatly from one hospital to another 
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TABLE IVv* 
STILLBIRTHS AND INFANT DEATHS DUE TO CENTRAL NERVOUS MALFORMATIONS IN SCOTLAND (1941-1945) THE 





l a 























Stillbirths | Infant Deaths sie 
er a 
Due to Percentage of | Percentage of 
anencephalus, Malformations; Due to all Due to spina | Malformations 
Year Due to all spina bifida, involving | Congenital bifida and involving 
foetal defects and Central Malformations hydrocephalus| the Nervous |— 
hydrocephalus Nervous | System 
System | Ane 
1941 610 391 64 | 611 241 39 — 
1942 538 472 88 646 266 41 
1943 596 399 67 588 231 39 
1944 588 396 67 572 215 38 
1945 598 442 74 483 171 35 Spin 
Total 2,930 2,100 72 2,900 1,124 39 
| 
f 
* Annual Reports of the Registrar-General for Scotland (1941-1945). _— 
Hyd 


indicates, as might be expected, that representative unlikely, except occasionally in hydrocephalus, 
Statistics cannot be collected from this source. Itis where perforation of the head may be necessary to | oth 
also possible to supplement the sources of data listed effect delivery, and in the premature infant where 
above by field enquiry. This method has been used the relatively large head may be erroneously 
with profit by Penrose (1934; 1946) and Murphy diagnosed as hydrocephalus. Notifications of still- ; 
(1940). We have therefore chosen to collect births and infant deaths ensure the collection of all 
information by field enquiry on all malformations cases of anencephalus, and of almost all cases of 
of certain specified types notified to a large Local spina bifida with occasional exceptions such as} +: 
Authority over a period of years. spina bifida occulta and mild examples of meningo- | 3, 
cele. The only serious statistical loss consists of 

THE PRESENT ENQuIRY.—The evidence suggests those cases of hydrocephalus compatible with life 
that congenital malformations in man do not form for a number of years. A few deaths of infants from 
a homogenous group of uniform aetiology, and this acquired hydrocephalus may also be erroneously alsc 
view is supported by observations of the sex ratio: - attributed to congenital causes, where the history of | °°! 
the proportion of males to females in pyloric infection is overlooked. 
stenosis is four to one, and in anencephalus one to We were fortunate in having access to the records gon 
three; the sex ratios of other malformations lie of the Maternity and Child Welfare Department of | 
between these extremes. Investigations are there- the City of Birmingham, which for a number of yeats | °8° 








fore more likely to be of value if restricted to one has obtained information on all stillbirths and neo- | “S 
type of deformity which occurs with sufficient natal deaths, by means of a questionnaire completed | "| 
frequency to furnish adequate numbers, and for by the doctor or midwife in charge of the case. } 
this reason, we have confined our attention to the When returned, the form is scrutinized by a medical the 
malformations of the nervous system. Table IV officer of the department, and the information | *” 
shows that in the years 1941 to 1945 in Scotland, entered into a register. From this register, we 8 


they accounted for at least} 72 per cent. of stillborn extracted information for the eight years 1940 to | 
and 39 per cent. of live born malformations which 1947 about all malformations of the central nervous les 
died in the first year of life, or for 55 per cent. of the system which were certified as the cause of death of | ““ 
combined total (5,830). The total births in the _ gtillbirths or of infants in the first year of life. The , 





same period were 474,959, and central nervous data available from this source for stillbirths and a 

malformations were thus responsible for the deaths peonatal deaths were: Me 

of 0-68 per —-. of all infants born. (1) name, address, and municipal ward; COI 
Study of this group has the further advantage (2) date and place of birth: on 

that its members are readily identified at birth from (3) sex, single or twin legitim acy: 

external appearances so that errors of diagnosis are (4) brief details of ateiiie of previous pregnancies: 


(5) details of all malformations, and other condi- | 
+ Not all malformations of the nervous system are shown separately. tions contributing to death. 
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TABLE V 
THE NUMBERS OF CENTRAL NERVOUS MALFORMATIONS OF DIFFERENT TYPES IN 930 CONSECUTIVE CASES BORN IN 


















































BIRMINGHAM (1940-1947) 
_—" 
Number of 
Group Sub-group** | : Total 
ee Neonatal | Later Infant 
| Stillbirths Deaths Deaths 
1. Anencephalus alone* .. $ --| 314) | 18 ? — 332 | : 
Anencephalus - 347 . 366 
2. Anencephalus and spina bifida 33 1 j | — 34 
3. Spina bifida alone*t .. ..  ..| 49 144 62 255 
| 4. Spina bifida and hydrocephalus cue | 56 5 129 
Spina bifida | 
5. Spina bifida and encephalocele - 2 120 | 2 202 aan 4 389 
6. Spina bifida, ee: 3 and en- 
cephalocele af 1 — — I 
Hydrocephalus | 7. Hydrocephalus alone* a - 112 24 14 150 
8. Encephalocele alone* oi a 2 ) 9 ) — 1 l 
| 9. All other central nervous malforma- j Dy si 
| tionst 3 6 5 14 
Total Central Nervous Malformations ‘a ie saa 584 260 86 930 
* Excludes the co-existence of a second central nervous malformation. 
+ ‘Spina bifida ’’ includes spinal meningocele, meningomyelocele, and myelocele. 


t “Other central nervous malformations ’’ were: microcephalus—8; unspecified congenital cerebral defect—4; occipital meningocele—2. 
** Numerals are referred to in Fig. 1. 


For live births, the date and place of death were (3) reproductive history (details of all conceptions); 
also recorded. The details listed above are now (4) history of the pregnancy — e the birth of 
collected for all infant deaths in the city, but for — (iliness; work during preg- 
seven of the eight years covered by the survey the (5) information about the father (age; occupation; 
only data available from central sources for deaths blood relationship to the mother); 
after the neonatal period, were the name and address, (6) rent (included as an index of social circum- 
age at death, place and cause of death. In such stances) ; 
cases there was no difficulty in completing the record (7) family history of congenital malformations. 
in the course of the subsequent investigation. No attempt was made to trace mothers who had 


Visits were made to the homes of all mothers of left the city; the proportions lost in the malforma- 
the malformed births, and of a control group of tion and control series are discussed below. 
approximately equal size, obtained by selecting every 
wo-hundredth name in the registers of live and still QpservaTIoNs ON 930 CONSECUTIVE MALFORMATIONS 
births for the same years (1940 to 1947). The visits OF THE CENTRAL NERVOUS SYSTEMS 
were completed in the period November, 1947, to : 

October, 1948, by a team of female investigators, 
most of whom had been trained as almoners or in 
some other branch of social work. In each case 
where the mother could be interviewed at her original 
home or elsewhere in the city a field enquiry card was 


CLASSIFICATION AND INCIDENCE.—In the years 
1940 to 1947, malformations of the central nervous 
system were certified in Birmingham as the cause of 
death of 930 stillbirths and first year deaths. Table 
V (see also Fig. 1, overleaf) gives the numbers 
completed with her assistance. Information was attributed to each type of malformation, which have 
recorded as follows: been grouped into four main divisions: anence- 

phalus; spina bifida; hydrocephalus; others. This 


(1) menstrual history (age at onset; mean length of jg the classification suggested in the International 
the cycle; duration of flow); 





(2) age at marriage; § Data from Maternity and Child Welfare Department records. 
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TABLE VI includes all other malformations of the central 

STILLBIRTH AND INFANT MortTatity RATES DUE To efvous system with “ other specified defects”. 
MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN If the data are grouped, the placing of combined 
BIRMINGHAM (1940-1947) malformations is important in two types which are 
comparatively common in Birmingham records: 
Stillbirth Infant anencephalus with spina bifida, and spina bifida with 
Type of rate per | Mortality Total Deaths hydrocephalus. Differences in the proportion of 
Malforma- 1,000 Total | rateper _ per 1,000 stillbirths and in the sex ratio of each malformation 

tion Births 1,000 Live | Total Births . . . 

Births suggest the need for caution in allocating to any of 
a the three main divisions births in which two mal- 
Anencephalus 2-192 0-123 2-312 formations are combined. We have included 
ee “anencephalus with spina bifida” in the anep. 
Spina bifida = 0-758 1-747 2457 cephalus group, since 33 of the 34 foetuses were 
Hydro- stillborn, and anencephalus is the more lethal 
cephalus 0-707 0-247 0-948 malformation. ‘Spina bifida with hydrocephalus”, 
elias 0-032 0-130 0-158 is included with spina bifida; we were influenced 





by the fact that spina bifida is the more reliable 
Total 3-689 2-247 | 5-875 diagnosis, although in this case the proportion of 
| stillborn infants with the combined lesions is almost 
mid-way between the proportions in each of the two 
Statistical Classification of Diseases, Injuries, and C°Mponent groups. 
Causes of Death (1948), which does not, however, During the eight years 1940 to 1947, the total 
show where births with more than one malformation "umber of births in Birmingham was 158,307, of 
(for example, spina bifida with hydrocephalus) are Which 4,290 were stillbirths and 154,017 live births. 
placed. The three groups, anencephalus, spina From these figures, the numbers in Table V have 
bifida, and hydrocephalus, are also used by the been converted into rates which are shown in 
Registrar-General for Scotland in his valuable Table VI. The total incidence of fatal malforma. 
statistics on stillbirths, but the fact that the precise tions of the nervous system in Birmingham (0:5875 
composition of the divisions is not indicated does 


not permit us to identify them with our own, and he 79 OTHER CENTRAL NERVOUS 
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Fic. 1.—Combinations of central nervous malformations of different types. 
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TABLE VH 


NuMBERS OF CENTRAL NERVOUS MALFORMATIONS OF 
DIFFERENT TYPES FOUND IN 930 CONSECUTIVE CASES IN 
BIRMINGHAM (1940-1947) 





Incidence (per 
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per cent.) is slightly below the Scottish figure 
(0-68 per cent.) for 1941 to 1945, as is the stillbirth 
rate of 2-192 due to anencephalus compared with 
the Scottish rate of 2-549 for the years 1939 to 1945. 
As already indicated, these data are not strictly 
comparable, although the error in the figures here 


Type of Number 1,000 Births, compared is probably not great. 
: Li i 
suscetctmumnantl aber carvemattd CO-EXISTENCE OF NERVOUS MALFORMATIONS.— The 
Anencephalus 366 2-312 comparatively high incidence of two distinct mal- 
— formations of the central nervous system in one indi- 
Spina bifida 423 2-672 vidual is not explained by their chance association. 
Hydrocephalus .. 280 1-769 The total number of central nervous malformations 
— of different types in the 930 affected individuals in 
Encephalocele 16 0-101 the series are given in Table VII in which two 
malformations in the same foetus are entered 
14 0-088 = . 
sia = separately. If the co-existence of malformations 
Total 1,099 | 6-942 were entirely fortuitous, the incidence of the com- 
| bination would be the product of their frequencies, 
TABLE VIII 


EXPECTED AND OBSERVED NUMBERS OF VARIOUS COMBINATIONS OF CENTRAL NERVOUS MALFORMATIONS 





Expected Frequency Expected Number 
per 1,000 Births 


Combination 


Observed Number 
in Universe of 
158,307 Births 


in Universe of 
158,307 Births 

















Anencephalus and spina bifida 0-006178 0-978 34 

Hydrocephalus and spina bifida 0-004727 0-748 129 

Encephalocele and spina bifida 0-000270 0-043 4 

Hydrocephalus, encephalocele, and spina bifida 0-00000048 0- 00008 | 
TABLE IX 


OTHER DEFORMITIES CO-EXISTING WITH MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM 





| Type of Central Nervous Malformation (Simplified Classification) 





Co-existing Deformity 














a 


| Anencephalus | Spina bifida Hydrocephalus Others All 
Exomphalos 7 ee . ye val 9 2 — | 12 
Congenital heart ns ar a oa — 2 — 
: Hare-lip and/or cleft palate — 3 - | 4 
Malformation of cord 1 l — _ 2 
Talipes a sa 1 26 2 — 29 
Other skeletal deformities 2 8 4 l 15 
Other malformations | 2 2 — 5 
Multiple malformations .. j — 5 3 9 
Total number of deformities 15 44 16 6 81 
Number of individuals exhibiting these .| 14 42 16 5 77 
Total number in group .. - - cial 366 389 150 25 930 
Percentage of individuals with co-existing | | 
deformity P 2 i P 3°8 10-8 10-7 20-0 8-3 
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TABLE X 
SEX INCIDENCE OF MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN BIRMINGHAM (1940-1947) 
| Discrepancy — 
Number of Sex Ratio | between this 
| (Number of | Percentage | percentage and 
Type of Malformation | Males per of Males 50% (which 
| Males | Females) Both 1,000 | corresponds to a 
Females) Sex Ratio of 
Unity) 
Anencephalus alone. , ..| 109 223 332 489 32-83 17-17+2-58 
Anencephalus with spina bifida me 8 26 34 308 23-53 26°47+7-27 
Spina bifida alone og 108 146 254 740 42-52 7-48+3-10 
Spina bifida with hydrocephalus. Re 59 70 129 843 45-74 4-26+4:-39 
*Spina bifida with encephalocele ; 4 4 — — a 
*Spina bifida with encephalocele and. 
hydrocephalus es a by -- | | — — — 
Hydrocephalus alone .. - 7 65 85 150 765 43-33 6-67 +4-04 
*Encephalocele alone .. ; 6 5 11 — — — 
*Other central nervous malformations 7 7 14 a a _ 





Total “ss fei os ad ..| 362 567 929 638 38-97 11-03+1-60 





* Numbers too small for calculation of sex ratio. 





























TABLE XI 
SEX INCIDENCE OF MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN BIRMINGHAM (1940-1947) 
| Discrepancy 
Number of | Sex Ratio between this 
(Number of Percentage percentage and 
Type of Malformation Males per of Males 50% (which 
(Simplified Classification) 1,000 corresponds to a 
Males |Females| Both | Females) Sex Ratio of 
Unity) 
Anencephalus | 
Stillbirths .. ié we ae 107 240 347 446 30-84 
Infant deaths dis ve ‘9 10 9 19 1,111 52-63 
Total ie - ac ial ae 249 366 470 31-97 18-03 +2-°44 
Spina bifida 
Stillbirths .. eu i a 43 76 119 566 36-13 
Infant deaths » vs - 124 145 269 855 46-10 
Total is x fe ..| 167 221 388 756 43-04 6:96+2:-51 
Hydrocephalus 
Stillbirths .. o =a ge 53 59 112 898 47-32 
Infant deaths Me a4 = 12 26 38 462 31-58 
Total ki ta ia 65 85 150 765 43-33 6°67 +4-04 
* Others 
Stillbirths .. ‘a - me 2 3 5 —- — — 
Infant deaths a id ” 11 9 20 — — — 
Total - - i ~ 13 12 | 25 — — — 
All Central Nervous Malformations | 
Stillbirths .. a ne ..| 205 378 583 542 35-16 14:84+1-98 
Infant deaths ef owl ae 189 346 831 45-38 4-62+2-68 
Total Py a a oh) om 567 929 638 38-97 11-03+1-60 


| = 





* Numbers too small for calculation of sex ratio. 


and Table VIII (previous page) compares the expec- either that the presence of one malformation 
ted and observed numbers. The considerable predisposes to the formation of another, or that 4 
differences between these two sets of figures indicate common factor is concerned in their aetiology. 
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TABLE XII . 
Sex INCIDENCE OF MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN SCOTLAND (1939-1945) 
Discrepancy 
Number of | Sex Ratio between this 
; | (Number of Percentage percentage and 
Type of Malformation | Males per of Males 50% (which 
1,000 corresponds to a 
Males Females' Both Females) Sex Ratio of 
Unity) 

Anencephalus | 

Stillbirths only 446 1,222 1,668 | 365 26-74 23-26+1-08 
Spina bifida 

Stillbirths 120 182 302 | 659 39-74 10-26+2-82 

Infant deaths 534 676 1,210 | 790 44-13 5-87+1-43 

Total 654 858 1,512 | 762 43-25 6-75+1-27 
Hydrocephalus | 

Stillbirths 458 428 886 1,070 51-69 —1-69+1-68 

Infant deaths 231 237 468 975 49-36 0:64+2-31 

Total 689 665 1,354 1,036 | 50-89 0-89+1-36 

Total 

Stillbirths 1,024 1,832 2,856 559 35-85 14-15+0-90 

Infant deaths .-| 765 913 1,678 838 45-59 4-41+1-21 

Total .. 1,789 2,745 4,534 652 39-46 10-54+0-73 








ADDITIONAL MALFORMATIONS.—Of 930 infants 
born with one or more central nervous malforma- 
tions, 77 (8-3 per cent.) showed deformities of other 
organs (Table IX, p. 189). The table illustrates the 
well-known association between talipes and spina 
bifida, due presumably to a disturbance of the 
nervous tracts supplying the lower extremities, and 


‘also suggests an association between exomphalos 


and anencephalus. 


Sex RatTIo.—The sex incidence of 929 malforma- 
tions* is given in Table X for all cases, and in 
Table XI for the three main divisions: anencephalus, 
spina bifida, hydrocephalus. Except for hydro- 
cephalus, in which our numbers are small, the 
results are in reasonable agreement with the esti- 
mates calculated from Scottish data for the years 
1939 to 1945 (see Table XII). 

These differences are, of course, well recognized, 
although no satisfactory explanation is available 
for them. If equal numbers of both sexes are 
malformed in the early weeks of gestation, more 
males must be aborted in the period before the birth 
is notifiable, and when the sex is often unknown. 
Certainly the evidence does not suggest that males 
are less viable than females in the later months, for 
of the 929 Birmingham malformations, 43-4 per 
cent. of males and 33-3 per cent. of females were 
alive at birth. The corresponding figures for spina 





* In one of the 930 cases, the sex was not given. 


bifida and hydrocephalus based on the Scottish 
statistics are given in Table XII. 
TABLE XIIA 


SEX INCIDENCE OF SPECIFIC MALFORMATIONS ALIVE AT 
BIRTH. SCOTLAND (1939-1945) 

















Malforma- Sex Number of Percentage 
tion Cases Live Born 
Male 654 81-7 
Spina bifida 
Female 858 78-8 
Hydro- Male 689 33°5 
cephalus 
Female 665 35-6 





The conclusion about the respective viability of 
male and female malformations would, of course, be 
affected if different proportions of the two sexes 
were alive at the end of the first year. In his report 
on 144 malformations of the central nervous system, 
Penrose (1946) records 22 male and 24 female 
malformations which survived the first year. 
Scottish data for the period 1941-1945 are also 
relevant (see Table XII, overleaf). 


SECULAR TREND.—The annual numbers of mal- 
formations of the central nervous system notified in 
Birmingham (1940-1947) are given in Table XIII 
(overleaf), with the total numbers of live and still 
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TABLE XIIs 340) STILLBIRTH RATE PER 1,000 BIRTHS, 
LIVE AND STILL. 
SEx INCIDENCE OF. SPECIFIC MALFORMATIONS WHICH 320 opie’ 
SURVIVED First YEAR. SCOTLAND (1939-45) pone (Ai coum) 
Malforma- Deaths after the First Year of Life a0 
tion - 
Males | Females Total oe 

Congenital nati 
hydro- - 
cephalus . .| 43 25 68 4 22-044 : i _ . Se 

| < 8-07 CENTRAL NERVOUS MALFORMATION RATE 
; ‘ 4 PER 1,000 BIRTHS, LIVE AND STILL. 

Spina bifida | x STILLBIRTHS 
and menin- 18) a INFANT DEATHS, 
gocele ..| 12 | 21 33 = 70) at CENTRAL NEOUS 

| = \. es : MALFORMATIONS 
< xr ™ 

births for the same years. From these figures the 9 \ 

rates exhibited in Table XIV and Fig. 3 have been = °°} . 

calculated. Unlike the national rates relevant to all \ 

malformations cited in Tables I and II, the Birming- ™% A 

ham rates of anencephalus and spina bifida show an ” gi” \, 

unmistakable decline in the eight-year period; the 

rates of hydrocephalus are fairly constant. Fig. 2 \ 

indicates that the incidence of malformations has ; 

fallen at a relatively greater rate than the incidence 

of stillbirths from all causes. 4-044 Pr 1 fr . 1 . . 

1940 1941 1942 1943 1944 1945 1946 1947 


In accounting for this somewhat unexpected 
result, it is important to consider secular changes in 


Fic. 2.—Annual rates for stillbirths (all causes) and for 
central nervous malformations (Birmingham, 1940-47), 
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TABLE XIII 
.ANNUAL NUMBERS OF MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN BIRMINGHAM (1940-1947) 
Type of Stillbirth or — 7 
Malformation InfantDeath| j949 | 1941 1942 | 1943 1944 | 1945 1946 
Anencephalus S.B. 43 37 47 | 53 47 42 41 
ILD. 5 2 i wo 3 
Total 48 39 48; 53| 48, .45 42 | 
Spina bifida SB. | 23 13 12 4! 17] 0! 
LD. | 32 25 47 39 37 | 28 35 
Total 55 38 99] 53 54 33| 52 
Hydrocephalus SB. | 1 14 2/ 17) «=»13|~°+«9 21 
LD. | 5 3 4 2 4 5 6 
Total | 16 17 16| 19 17; 14; 27 
Encephalocele and S.B. — — l I — at - ae 
other Central LD. 3 | 3 3 4 2 3 
Nervous — | Se. Ee Ee a awe 
Malformations Total _| 3 1 | 4 | 4 4 2 3 
All Central S.B. 77 64; 721 ~~ 85 77 61.79 
Nervous LD. 45 | 31 55 44 46 | 38 45 
Malformations = zea ae oe 
Total | 122 | 95 127| 129 123 99 124 
Total Live Births .. ..| 15,882 | 14,063 | 17,657 | 19,376 | 21,720 | 19,185 22,134 
Total Stillbirths (all Causes) 542| 445 543 535 565 500 583 
All Births, Live and Still ..| 16,424 | 14,508 | 18,200 | 19,911 | 22,285 | 19,685 | 22,717 
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TABLE XIV 


ANNUAL INCIDENCE OF MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM IN BIRMINGHAM, 1940-1947 (RATE PER 
1,000 ToTAL BIRTHS) 





m | 


| Whole 























Year 
Type of Malformation | Period 
1940 1941 | 1942 1943 1944 1945 1946 1947 | 

Anencephalus 2-923 | 2-688 | 2°637 | 2-662 2-154 2-286); 1-849 1-750 | 2-312 
Spina bifida 3°349 | 2-619 | 3-242 2-662 2:423 1-930 | 2-289 1-628 | 2-457 
Hydrocephalus 0-974 | 1-172 | 0-879 0-954 0-763 O-7I1I1 1-189 0-977 | 0-948 
Others 0-183 | 0-069 | 0-220 0-201 0-179 0-102) 0-132 0-163 0-158 
All Central Stillbirths 4-688 | 4-411 3:956 4-269 3-455 3-099 | 3-477 2-807! 3-689 

Nervous Infant 
Malformations Deaths | 2:740 | 2-137} 3-022 2-210 2-064 1-930; 1-981 1-709 | 2-186 
Total 7-428 | 6-548 | 6:978 6°479 5-519 5-029 | 5-458 | 4:°516 | 5-875 
Stillbirth Rate (all Causes) 33-00 | 30°67 | 29-84 | 26°87 25-35 25:40 | 25:66 | 23-48 | 27-10 
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CENTRAL NERVOUS MALFORMAT 


HYDROCEPHALL ALL 


Fic. 3.—Annual incidence of central nervous malformations (Birmingham, 1940-47). 


parity, since we show below that the risk of a central 
nervous malformation is relatively greater at the 
first birth rank and above the sixth. Unfortunately, 
information on parity is not available for all 
Birmingham births of these years, and although the 
data were recorded by field enquiry for a control 
group selected from all births, the fact that the 
percentage of women not interviewed varied from 
year to year considerably reduces its value. We 
have therefore estimated the proportions of mal- 
formations of the central nervous system notified in 
each year (1941 to 1947)* which are in the first 
birth rank or above the sixth (Table XV, overleaf). 
Fig. 4 (overleaf) shows that, with the exception of the 
year 1944, the proportions in the parities where the 
risks are greatest declined, as did the central nervous 


malformation rate. We may interpret these observa- 
tions conservatively by concluding that if the risk 
at different birth ranks was relatively constant, the 
observed reduction in the malformation rate could 
be explained by the changes in the parity of the 
mothers, and may not indicate a true reduction of 
the risk in the later years. 


MALFORMATION AND CONTROL GROUPS 


COMPARED} 


The statistics so far quoted for 930 consecutive 
malformations of the nervous system were available 
in central records, and are in consequence free from 
sampling errors. As indicated in the introduction, 
additional information in respect of the malforma- 
tions, and of a control group of normal births, was 


THE 








* Data for 1940 were incomplete. 


+ Data from field ‘enquiry. 
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TABLE 


XV 


ANNUAL PROPORTIONS OF CENTRAL NERVOUS MALFORMATIONS AT THE FIRST OR ABOVE THE SIXTH BIRTH RANks IN 
BIRMINGHAM (1941-1947) 





















































Year | Whole 
Period 
1941 1942 1943 1944 1945 | 1946 1947 
Total Malformations .. ts a © 127 129 123 99 | 124 111 808 
Malformations of unknown Birth Rank | 2 1 | 4 — | mes — i 8 
Malformations of known Birth Rank .. 94 125 128 =| «119 99 | 124 11 800 
Number of Birth Rank | ase 69 56 58 40 | 53 44 370 
Number of Birth Rank 7 and over... 5 11 7 5 2 7 4 41 
Total of Birth Ranks 1and7+ ... 55 80 63 | 6 42 6 | 48 41 
Percentage of Malformations of Birth | 
Ranks land7+ .. ss <4 oes 64-0 49-2 52°-9 42-4 | 48-4 43-2 51:4 
TABLE XVI 
PARTICULARS OF CONTROL SERIES SELECTED FROM REGISTERS OF LIVE BIRTHS AND STILLBIRTHS IN BIRMINGHAM 
(1940-1947) 
Maternities Pairs of Twins Infants Born 
Live Births = st ou eal 860 16 876 
Stillbirths 7 - om sl a 22 — 22 
Total Live and Stillbirths - - a 882 16 898 
Less Central Nervous Malformations id 6 = 6 
Total bf af a - me oa 876 16 892 
TABLE XVII 


Warp Group DISTRIBUTION OF ALL INFANTS IN THE CONTROL SERIES COMPARED WITH ALL INFANTS BORN IN BIRMING- 
HAM (1940-1947) 





Infants in Control Series 


All Infants born in City 











Ward Group 
Number in Group _ Percentage in Group | Numberin Group Percentage in Group 
I 322 35-86 56,669 35-80 
II 397 44-21 72,006 45-48 
il 179 19-93 29,583 18-69 
Not located | — -— 49 0-03 
Total | 898 | 100 158,307 100 








obtained in all cases where the mother could be 
interviewed, and we now examine the validity of 
the samples onwhich the fuller record was completed. 
The selection of every two-hundredth name in the 
register of live and stillbirths for the years 1940-1947 
gave a control group of 898 births, divided in 
Table XVI into live and stillborn, and single and 
multiple births. This sample is compared with all 
births in the city for the same years and shows 


reasonable agreement in respect of ward group* 
(Table XVII), year of birth (Table XVIII, opposite), 
and season of birth (Table XIX, p. 196). Two 
adjustments are necessary and when made in 
Table XVI give 876 mothers in the control group 
for comparison with 930 in the malformation 
series. 


* For discussion of the division of Birmingham city wards into 
three social groups, see Appendix A. 
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8-07 r8O 
CENTRAL NERVOUS MALFORMATION CENTRAL NERVOUS MALFORMATIONS ' 
RATE PER 1,000 BIRTHS, LIVE AND OF BIRTH RANK | AND 7+ PER CENT '! 
STILL (CONTINUOUS LINE) OF ALL NERVOUS MALFORMATIONS . 
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Fic. 4—Central nervous malformations: annual rates and proportions at birth ranks | and 7+ (Birmingham, 


1940-47). 


TABLE XVIII 


ANNUAL DISTRIBUTION OF ALL INFANTS IN THE CONTROL SERIES COMPARED WITH ALL INFANTS BORN IN BIRMINGHAM 














(1940-1947) 
Infants in Control Series All Infants born in City 
Year = & ' 
Number Percentage Number Percentage 
1940 99 11-02 16,424 10-37 
1941 94 10-47 14,508 9-16 
1942 105 11-69 18,200 11-50 
1943 113 12-58 19,911 12-58 
1944 129 14-37 22,285 14-08 
1945 110 12-25 19,685 12-43 
1946 116 12-92 22,717 14-35 
1947 132 14-70 24,577 15-52 
“Total 898 100 158,307 99-99 
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TABLE XIX 
QUARTERLY DISTRIBUTION OF ALL INFANTS IN THE CONTROL SERIES COMPARED WITH ALL INFANTS BORN IN BIRMINGHAM 
(1940-1947) 
Infants in Control Series All Infants born in City 
Quarter | oleae 

Number Percentage Number | Percentage 
January—March 215 23-94 39,383 24-88 
April—June 231 25-72 41,036 25-92 
July-September 228 25-39 39,017 24-65 
October—December 224 24-94 38,871 24-55 
Total 898 99-99 158,307 100. 

TABLE XX 
RESULT OF FIELD SURVEY OF MOTHERS OF MALFORMATIONS AND CONTROLS 
Malformations Controls 
Result 

Number Percentage Number Percentage 
Not traced .. ae 91 9-78 63 7-19 
Left Birmingham ... 57 6-13 55 6-28 
Information refused .. 17 1-83 11 1-26 
Died .. ag * 8 0-86 4 0-46 
Mental defective l 0-11 I 0-11 
Information unreliable I 0-11 — — 
Not interviewed 175 18-82+1-28 134 15-30+1-22 
Successfully inter- cae 

viewed 755 81-18 742 84-7 

Total abstracted 930 100 876 100 





TABLE XXI (see also Fig. 5) 
PERCENTAGE OF MALFORMATIONS AND CONTROLS INTERVIEWED IN EACH YEAR AND WARD GROUP 



































Ward Group 1940 | 1941 | 1942 1943 1944 1945 1946 1947 Total 

| Malformations 48 75 79 75 81 14 86 92 76-4 

| Controls 62 81 91 84 93: | 86 15 93 83:5 

' Malformations 80 86 84 85 81 86 89 93. 853 
” +l Smeets 84 86 84 85 85 81 94 9. 87-1 
Malformations ..| 68 67 | 77 82 87 71 93. 100 80:8 
” 89 6 | 71 83 75 10 9 100. 8i-4 
| Malformations ..| 65 79 | 81 81 g2 79 89 4. | 82” 
(ae 16 79 84 - ~ 84-7 


ied 84 85 8] 88 95 
| } } 











(1) The malformations are compared with births not 
resulting in a central nervous malformation 
(not with all births); thus six malformations 
are excluded. 


(2) The analysis is based on the number of materni- 
ties, and not on the number of births. 


Successful interviews were completed in fewer 
malformations (81 per cent.) than controls (85 per 
cent.), a difference unlikely to be due to chance 
(Table XX). The data given by year and ward 
group in Table XXI (and Fig. 5, opposite), 
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Fic. 5,— Percentage of malformations and controls interviewed in each year and ward group (see also Table XXI), 
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TABLE XXII (see also Fig. 6) 
COMPARISON BETWEEN MOTHERS OF MALFORMATIONS INTERVIEWED AND NOT INTERVIEWED IN RESPECT OF AGE AND Pagny 
| Interviewed Not Interviewed 
Maumber Percentage Number Percentage 
Maternal Age Group 
17-21 Ls Sie 73 9-7 29 20-6 
22-26... ea 229 30-3 46 32-6 
27-31 Sie Ae 184 24-4 31 22-0 
32-36... A 157 20-8 23 ‘16-3 
37-41 iis io 88 11-7 11 7°8 
42-46f .. _ 24 3-2 l 0-7 
Total e = 755 * 100-1 141 100-0 
Maternal Age 
not known a —_ — 34 -- 
Birth Rank 
Be - 7 334 44-2 89 56-7 j 
2 and 3 a 264 35-0 52 33-1 
4, 5, and 6 - 109 14-4 14 8-9 
7+ - a 48 6-4 2 1-3 
Total - - 755 100-0 157 100-0 
Birth Rank not 
known m: a — 18 —_ 
60) 
gm NUMBER IN EACH GROUP PER 100 OF 
THOSE INTERVIEWED 
(yj NUMBER IN EACH GROUP PER 100 OF 
504 THOSE NOT INTERVIEWED 
405 
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Fic. 6.—Comparison between mothers of malformations interviewed and not interviewed in respect of birth rank 
and maternal age. i 

' 

show that the main discrepancy occurred in 1940 years 1940 to 1945. In most cases where mothers 
in ward groups I and III. In ward group I (the were not interviewed, details of age and patil 
lowest social group) the proportion of malforma- were available from central records, and are com 
tions interviewed was consistently lower in the pared in Table XXII with the sample (Fig. 6) 
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TABLE XxXIlIlI 
SUCCESSFULLY TRAGED CENTRAL NERVOUS MALFORMATIONS CLASSIFIED ACCORDING TO TYPE 











Simplified Percentage of 
Classification Full Classification Number Traced Number Notified 

Anencephalus ..| alone - we a .. 280 

305 83-3 
with spina bifida .. i a 
Spina bifida .. ..| alone A eu - .. 204 
with hydrocephalus ee .. 101 

309 79-4 
with encephalocele sia aii 3 


with hydrocephalus and encephalocele 1 





Hydrocephalus .. alone i ‘s a ‘< -—e 118 78°+7 





Others ma? .. encephalocele = ia = 11 


other central nervous malformations 12 





Total .. - ‘a = o -_ ~ co van 755 81-2 





TABLE XXIV (see also Fig. 7) 
NUMBERS OF MALFORMATIONS AND CONTROLS AT DIFFERENT BIRTH RANKS AND MATERNAL AGE GROUPS 









































Birth Rank Percentage 
Maternal Age -— — Total Distribution by 
Group 1 2 | 3 4 5 and 6 7+ Maternal Age 
Malformations | 
17-21 66 7 | — — = —- 73 9-669 
22-26 142 51 25 7 4 ~ 229 30-331 
27-31 72 $7 31 12 1] l 184 24-371 
32-36 43 45 25 16 19 9 157 20-795 
3741 10 13 9 14 18 24 88 11-656 
42-46 1 — | ] 4 4 14 24 3-179 
Total 334 173 | 91 53 56 48 755 
Percentage 
distribution 
by birth rank 44-238 22-914 12-053 7-020 7-417 6: 358 100-00 
Controls 
17-21 56 9 2 — — — 67 9-030 
22-26 107 73 29 11 2 — 222 29-919 
27-31 62 78 37 17 12 -—- 206 27-763 
32-36 20 47 32 26 24 8 157 21-159 
37-41 7 12 8 14 19 9 69 9-299 
42-46 -— 2 3 6 4 6 21 2-830 
Total 252 221 =| «11 74 61 23 742 
Percentage | 
distribution 
by birth rank 33-962 29-784 | 14-960 9-973 8-221 3-100 , 100-00 





The proportion of first births, and of low maternal more common in first than in later births (see below), 
ages, is higher for untraced births, and may be and this fact may account for the higher proportion 
explained by the greater mobility of small families. untraced. Table XXIII gives the proportion of 
Malformations of the central nervous system are successful interviews for different malformations. 
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BIRTH RANK 


Fic. 7.—Percentage distribution of malformations and controls at different maternal ages and birth ranks, 
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NUMBERS OF MALFORMATIONS AT DIFFERENT BIRTH RANKS AND MATERNAL AGES 





Maternal 


Age ———— 


(years) | 





17 2 
18 3 
. 19 1] 
20 24 
21 26 
22 40 
23 21 
24 29 
25 22 
26 30 


27 17 
28 21 
29 14 
30 12 
31 8 


32 21 
33 9 
34 8 
35 2 
36 3 


37 = 
38 5 
39 I 
40 l 
41 3 


42 _ 
43 
44 = 
45 ie 
46 a 





Total 334 
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MATERNAL AGE AND PARITY 
DATA DERIVED FROM THE SURVEY.—Our examina- 
tion of the association of maternal age and parity 
with the risk of a central nervous malformation is 
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any age or parity the ratio of the percentage of 
malformations to the percentage of controls gives 
a measure of the relative risk of the birth of a 
malformation, which can be interpreted in relation 




















me based on a comparison between the malformation to an average risk of unity for all ages and parities 
— and control groups. Maternal age was recorded as (Table XXIX and Fig. 8, see p. 204). The figures 
the age of the mother at the birth of the propositus, show that the risk is considerably increased at the 
and birth rank as one more than the number of all first parity and above the sixth, and is correspond- 
known previous pregnancies (that is, it was deter- ingly reduced between these extremes. Variations 
mined by the number of pregnancies, and not by the _in association with maternal age are also present, 
number of live births). Each birth was next but are less marked. 
allocated to the appropriate cell of a contingency It is well known that the high correlation between 
rrr table (Tables XXV and XXVI). Maternal ages these two variables makes it necessary to separate 
and the higher birth ranks have been grouped, and __ their effects, and in Table XXVII the risk at 
percentage distributions calculated for row and_ different birth ranks is estimated for each five-year 
ranks, column totals, in Table XXIV (see also Fig. 7). For maternal age group. The risks noted in association 
TABLE XXVI 
NUMBERS OF CONTROLS AT DIFFERENT BIRTH RANKS AND MATERNAL AGES 
Maternal Birth Rank 
—_ Total Age [> ee Total 
| (years) | J Fs 3 4 5 6 . 8 910i i) i2| 13) 4) | %) i7 | 
2 a EY a pen peep oeey pars pees, Ging sane, Bey span iss feng (pate or ; 
3 18 PE Bh me ed ee ee Fee | ee | ee Ps Pe | ef ae * 6 
12 19 a ee rn ns ee es ne ed ee = 16 
26 20 44) S| —i mimi me eee |e | ee | ee | HS | ee | eS | 16 
30 21 23 3 ae ie eg fey, Pee eee) Moree ea og, eee By er 28 
48 2? a a a gees eee eee rey peer emma) Pane emg pre Gee peed Pee Pe 34 
31 23 33 | 19 § ee ee _ . 58 
46 24 Se Se ey ee ee ee eee ee Pe ee ee as. [ 28 
50 25 Te a ey ee ee ee ee ee a ee " a 52 
54 26 16 20 8 4 mee ee | | | - 50 
37 27 ae Bae eae gee beeen eeeen gee ee pee ee eee 5 ee 39 
46 28 “he Ree TS | ee ee ee ee ee ee ee re eee eee ee ee 43 
34 29 “Sk 1 oe Se 1S ee gee ee ee ee ee 47 
34 30 “De GR ae Oe GSS eee ieee ee ey ery, ee eS ee ey ee 49 
33 31 ae See Te Re 5 pee ee ey Rs ee ees eee ee, Ce ee 28 
52 32 a) #@ Te Seon Cae aoa ee s eod  ae e coy ek See 38 
28 33 6'10; 8! 6, 3} 1}—J— | — f — FH ee ee ee 34 
30 34 Vet oe te te eee ee ee ee ee ee es 28 
21 35 3/13 5| 5| 4; 3); 1j}—|— oe Se ee ee 35 
26 36 21 61 21 5) Bi lm] Ul me fe lel el el ee PS 22 
14 37 os See ie tie Gee pee nd creas grees eres ea eee poees ee ee om 22 
25 38 oi oa ie toe ee eee Pee ee A ee es 14 
13 39 eee ee ee te oe ee ee ee oe ee 1 
18 40 ee oa se Seed ae een ee ees ee ey pee, ree gree ee ee 10 
18 41 1i—| ti—| 4] 2) 2: 1 Been ee ne ene eee ee ee 12 
8 42 een a 2 ee ed Oe eed ne eee ee ee ee 9 
10 43 eee ae nl ee Pe ee ee eee eee, ee PRS Pee ee ee 3 
4 44 ee Ste ee 8 ne ee ee ee ee ey ee eS ee ee 4 
45 a ae See Pes ee ee ey ee eee ed eng nd 2 
1 46 Se ee Bed ee eee se 3 
755 Total | 3) aw | Ol om! <i § 742 
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TABLE XXVII 
DISTRIBUTION OF MALFORMATIONS AND CONTROLS IN THE SAME MATERNAL AGE GROUPS AT DIFFERENT BIRTH Ranxs D 
Malformations Controls | Difference Standard 
Maternal Age __ Birth — between error of 
Group Rank No. % S.E. No. | % S.E. percentages difference 
| 66 90-411 3-45 56 83-582 4-53 + 6°83 5-69 _ 
17-21 2 7 9-589 | 3-45 | 9 13-433 4-16 — 3:84 : 5-4] 
3 — — — 2 2-985 | 2-08 — 2-99 2-08 
Allranks 73 100-00 — 67 100-00 — 
| 142 62-009 3:21 107 48-198 3-35 +13-81* 4-64 
2 51 22-271 2-75 73 32-883 3-15 -10-61* 4-18 
22-26 3 25 10-917 2-06 29 13-063 2-26 - 2-15* 3-06 2 
4 7 3-057 1-44 11 4-955 1-46 - 1:90 1-85 
5 and 6 4 1-747 0-87 2 0-901 0-63 + 0-85 1-07 
Allranks 229 100-00 -— 222 100-00 “= 
I 72 39-130 3-60 62 30-097 3-20 + 9-03 4-81 
2 57 30-:978 3-41 78 37-864 3-38 — 6°89 4-380 
3 31 16-848 2-76 37 17-961 2-67 — 1-11 3-84 
, 27-31 4 12 6-522 1-82 17 8-252 1-92 — 1-73 2-64 : 
5 and 6 11 5-978 1-75 12 5-825 1-63 + 0°15 2°39 
7+ 1 0-543 0-54 — — -_- + 0:54 0-54 
Allranks 184 100-00 — 206 100-00 a 
1 43 27°389 3-56 20 12-739 2-66 + 14-65* 4-44 
2 45 28:662 3-61 47 29-936 | 3-65 — 1-27 5-14 
3 25 15-924 , 2-92 32 20-382 | 3-21 - 4-46 4-34 
32-36 4 16 10-191 2-41 26 16-561 2-97 - 6°37 3-82 7 
5 and 6 19 12-102 2-60 24 15-287 2-87 — 3-18 3-88 
7+ 9 5-732 1-86 8 5-096 1-75 + 0-64 2-55 
Allranks 157 100-00 — 157 100-00 — 
I 10 11-364 3-38 7 10°145 3:63 + 1-22 4-97 | 
2 13 14-773 3-78 12 17-391 4-56 — 2-62 5-93 
3 9 10-227 3-23 8 11:594 , 3-85 — 1-37 5-03 
37-41 4 14 15-909 3-90 14 20-290 4-84 — 4-38 6:22 
5 and 6 18 20°455 4:30 19 27-536 | 5-38 — 7-08 6-89 
7+ 24 27-273 4-75 9 13-043 4-05 + 14-23* 6:24 
Allranks 88 100-00 -—— 69 100-00 — 
I 4-167 4-08 — _— _ + 4:17 4-08 ; 
2 — — — 2 9-524 6-40 9-52 6-40 
3 l 4-167 4-08 3 14-286 7:64 10-12 8-66 
42-46 4 4 16:667 7-61 6 28-571 9-86 11-90 12-45 
5 and 6 4 16°667 7-61 4 19-048 8-57 — 2-38 11°46 
7+ 14 58-333 10-06 6 28-571 9-86 +29-76* 14-09 ' 
All ranks 24 100-00 — 21 100-00 — 
l 334 44-238 1-81 252 33-962 1-74 +10-28* 2°51 
2 173 22-914 1-53 221 29-784 1-68 — 6:°87* 2:27 
All ages 3 91 i2-053 1-18 111 14-960 1-31 — 2-91 1-77 
4 53 7-020 0-93 74 9-973 1-10 — 2-95* 1-44 
5 and 6 56 7-417 0-95 61 8-221 1-01 — 0-80 1-39 
T+ 48 6-358 0-89 23 3-100 0-64 + 3-26* 1-09 
Total all ranks 755 100-00 — 742 100-00 -— 





* Difference exceeds twice its standard error. 
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TABLE XXVIII 
RTH Ranas DISTRIBUTION OF MALFORMATIONS AND CONTROLS IN THE SAME BIRTH RANKS AT DIFFERENT MATERNAL AGE GROUPS 
ee , | 
tandard Malformations Controls Difference Standard 
‘fer of Birth Maternal Age between error of 
uterence Rank Group No. | % S.E. No. y S.E. percentages difference 
aan | | ' 
ca 17-21 66 19-760! 2-18 56 22-222 2-62 - 2-46 3-41 
oa 22-26 142| 42-515| 2:70 107  42:460 3-11 + 0:06 4-12 
8 27-31 72} °21-557| 2-25 62) 24-603 2-71 - 3-05 3-52 
32-36 43! 12-874 1-83 20 7-937 1-70 + 4:94 2-50 
37-41 10 2:994 | 0-93 7 2-778 1-03 + 0-22 1-39 
‘an 42-46 i 0-299 0-30 on = + 0:30 0-30 
F~ Allgroups 334 100-00 | — | 252. 100-00 
‘= 7 17-21 7 4-046 1-50 9 4-072 1-33 0-03 2-00 
22-26 51 29-480 3-47 73| 33-032 3-16 - 3-55 4-69 
27-31 57 32-948 = 3-57 78 35-294 3-21 - 2-35 4-81 
; @ 32-36 45 26-012 3-34 47| 21-267. 2-75 + 4:74 4-32 
1a 37-41 13 7:514 2-00 12 5-430 1-52 + 2-08 2-52 
+a 42-46 — wns -< 2 0-905 0-64 - 0-90 0-64 
a Allgroups 173) 100:00 — = 221. 100:00 — 
oa 17-21 ne sis on 2) 1802-126 1-80 1-26 
22-26 25 27-473 «4-68 29 26126 «4-17 + 1°35 6:27 
27-31 31 34-066 «= 4-97 37 33-333. 4-47 + 0°73 6-69 
3 32-36 25. 27-473 «4-68 32 28-829 - 4-30 1-36 6°35 
re 37-41 9 9-890 3-13 8 7-207 2°45 2-68 3-98 
Mie 42-46 1 1:099 1-09 3 2-703. 1°54 1-60 1-89 
a All groups 91 100-00 ae 111 100-00 on 
4 22-26 7 13-208 | 4-65 11 14-865 4-14 - 1-66 6-22 
27-31 12 22-642) 5-75 17 22-973 4-89 ~ 0-33 7°55 
4 32-36 16 30-189 6-31 26 | 35-135 5-55 4-95 8-40 
37-41 14 26-415 6-06 14 18-919 4-55 + 7:50 7-58 
a 42-46 4 7:547 3-63 6 8-108 3-17 — 0:56 4-82 
+ a All groups 53 100-00 |  — 74 100-00 — 
4° | 22-26 4 7-143 3-44 2 3-279 | 2-28 + 3-86 4-13 
46 27-31 11 19-643 55-32 12| 19-672 5-09 - 0-03 7-35 
: 5 and 6 32-36 19 33-928 6-33 24 39-344 -6-25 — 5-42 8-90 
37-41 18 32-143 6-24 19 31-148 5-93 + 0-99 8-61 
i 42-46 4 7-143 3-44 4 6-557 3-17 + 0:59 4-68 
- ; All groups 56 100-00 es 61 100-00 dite 
7 | 27-31 1) 2-083 2:06 | — me _ + 2-08 2-06 
a 7+ 32-36 9 18-750 5-63 8 34-783 9-93 ~16-03 11-42 
+ 37-41 24 50-000 7-22 9 39-130 10-17 +10-87 12-48 
bu 42-46 14 29-167 6-56 6 26-087 9:16 + 3-08 11-26 
> ae All groups 48 100-00 _— 23 100-00 = 
aus | 17-21 23 9-669 1-07 67 9-030 1-05 + 0-64 1-50 
x 22-26 229 30-331_,—«s«d1-67 | «222~=—- 29-919: 1-68 + 0-41 2-37 
“44 ; All 27-31 184 24:371 «1-56 206 27-763 1-64 - 3-39 2-27 
Se birth 32-36 157 20-795 1-48 | 157. = 21-159-1-50 0-36 2-10 
2 ranks 37-41 88 «11-656 1-17 |S 69 9-299 1-07 + 2-36 1-58 
ol 42-46 24 3-179 0-64 | 21 2-830 0-61 + 0-35 0-88 
Total all groups 755 100-00 _ 100-00 a 
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742 
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TABLE XXIX (see also Fig. 8) 


PERCENTAGE DISTRIBUTION OF MALFORMATIONS AND CONTROLS AT DIFFERENT BIRTH RANKS AND MATERNAL Ag; 























GROUPS 
Distribution 
: Relative Risk of a 
Malformations Controls Malformation 
Number Percentage Number Percentage 
Birth Rank : 

1 334 44-24 252 33-96 1-30 

2 173 22-91 221 29-78 0-77 

3 91 12-05 111 14-96 0-81 

4 53 7-02 74 9-97 0-70 

5 and 6 56 7°42 61 8-22 0-90 
1+ 48 6:36 23 3-10 2-05 

All birth ranks 755 100-00 742 99-99 1-00 

Maternal Age Group 

17-21 73 9-67 67 9-03 1-07 
22-26 229 30-33 222 29-92 1-01 
27-31 184 24-37 206 27-76 0-88 
32-36 157 20-79 157 21-16 0-98 
37-41 88 11-66 69 9-30 1-25 
42-46 24 3-18 21 2-83 1-12 

All age groups 755 100-00 742 100-00 1-00 





9 9 @ x ° f+ fF 7; Y & 
B &© ® O© © KF &® @w&© O W 


RELATIVE RISK OF CENTRAL NERVOUS HMALFCRMATION 
° 
Ny 


i 2 3 4 





BIRTH RANK MATERNAL AGE 


(YEARS) 


Fic. 8.—Relative risk of central nervous malformations 
at different birth ranks and maternal ages. 


with parity for the whole series are fairly consistently 
reflected in the more detailed figures, although in 
some groups the numbers are small. It will be 
recalled that interviews were not completed for 
a higher proportion of mothers in the malformation 
series, and since first births were more common 
among mothers not traced, the effect of primiparity 
is likely to be somewhat greater than that indicated 
by the figures. 


In Table XXVIII the same procedure is adopted in 
the examination of the effect of maternal age at 
different birth ranks; the figures demonstrate no 
consistent association between maternal age and 
the incidence of malformations, when birth rank is 
kept constant. Our data also enable us to examine 
the association of age and parity with the different 
types of central nervous malformation included in 
this study (Table XXX and Figs. 9 and 10, opposite), 
although the smaller numbers do not permit a separa- 
tion of their effects. For anencephalus and spina 
bifida the results are similar to those already quoted 
for the whole series, but for hydrocephalus the effect 
of birth rank is slight when compared with the 
marked effect of high maternal age. 

Before accepting these conclusions it is necessary 
to consider two possible criticisms of the validity 
of the method on which they are based. 
place, if malformations were more common it 
families of low fertility, or if the birth of a malforma- 
tion often induced parents to avoid further preg- 





as 
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ayer 


In the first § 


nancies, a disproportionate number of malforma- | 


tions would be expected in the lower birth ranks, | 


and especially in the first birth rank. Table XXXI 
and Fig. 11 (p. 206) show that the malformation and 
control groups are reasonably comparable in respect 
of the mean number of pregnancies. Indeed, the 
figure is slightly higher for the malformations, 
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TABLE XXX 
MALFORMATIONS OF DIFFERENT TYPES DISTRIBUTED BY BIRTH RANK AND MATERNAL AGE GROUP 


























Birth Rank Maternal Age Group 
1 26 | 7+ |Total! 17-26 | 27-36 | 37-46 | Total 
| Number 252 | 467 23 742 | 289 363 90 742 
Controls .| Percentage 33-962) 62-938 3-100; 100 38-949 48-922 12-129 100 
| Standard error .. pas 1-74 1:77 0:64 1-79 1-83 1-20 ' 
[Number ..  .. | 142 146 17 305 126 139 = 40——<“‘«< 08 
Anencephalus Percentage Se .. 46°557 47-869 5-574 100 41-311, 45-574 13-115 100 
Standard error .. a 2:86 2°86 1-31 2°82 2°85 1-93 
Difference from Control +12-59*'—15-07* +2-47 +2-36 | —3-35 | +0:99 
+3-34 | +3-36 | +1°46 +3°34 | +3°39 | +2-°27 
Number ..  .._..| 140 148 21 309 130 ~—«*133 46 309 
Spina bifida Percentage cm .. 45-307, 47-897) 6:°796 100 42-071 43-042 14-887 100 
Standard error .. a 2-83 2:84 1-43 2°81 2-82 2:02 
Difference from Control +11-34*\—15-04 +3-70 +3:-12 -5°88 | +2:76 
+3°32 | +3-35 | +1-57 + 3-33 | +3-36 2°35 
Number .. .....| 4@ 66 9 118 36 57 228 
Hydrocephalus | Percentage 36°441) 55-932 7-627, 100 30°508 48-305 21-186 100 
Standard error aie 4-43 4-57 2:44 4-24 4-60 3-76 
Difference from Control +2-48 | —7:01  +4-53 -~8-44 -0°62 +9-06 
+4-76 | +4:90 | +2-53 +4-60 4:95 | +3-95 





* Difference exceeds twice its standard error. 


an observation which may be explained by the 
reduction in the period of physiological infertility 
resulting from the higher incidence of abortions. 
Secondly, incidence of first births and of mal- 
formations was higher in the earlier years of the 
eight-year period from which this series is drawn. 
Since controls were selected as a constant proportion 
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Fic. 9.—Distribution of central nervous malformations 
by birth rank. 


of all births in each year, it is possible that the 
sample is weighted in respect of parity against the 
controls. Table XXXIII (p. 207) gives the percen- 
tages of births in different birth ranks by year, and 
indicates that in all years except 1940 the proportions 
of propositi of first birth ranks and above the sixth 
are consistently higher in the malformation series. 
The exception in 1940 is explained by the high 
incidence of untraced first births in the mal- 
formations. 
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Fic. 10.—Distribution of central nervous malformations 
by maternal age. 
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TABLE XXxXI 


MOTHERS OF THE MALFORMATION AND CONTROL BIRTHS 
COMPARED IN RESPECT OF THE NUMBER OF PREGNANCIES 





Malformations Control Group 
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TABLE XXXII 


STILLBIRTHS WITH ANENCEPHALUS 


DISTRIBUTED By 
MATERNAL AGE GROUP AND BIRTH RANK IN SCOTLAND 
(1939-1945) 




















Number of Group Distribution | Number of | Stillbirths — Stillbirth rate 
Pregnancies Births | due to due to 
Per- Per- |anencephalus anencephalus 
Number centage Number centage 
1 130 17-22 147 19-81 Maternal Age Group 
2 208 27-55 232 31-27 <20 28,593 
3 172 22-78 146 19-68 20-24 155,520 73 2-553 
4 95 12-58 96 12-94 25-29 182,238 359 2-308 
5 54 7-15 57 7-68 30-34 146,609 439 2-409 
6 36 4-77 30 4-04 35-39 87,683 405 2-762 
7 13 1-72 11 1-48 40+ 28,301 302 3-444 
8 13 1-72 11 1-48 Not stated 2,325 | 93 3-286 
9 S) 1-19 4 0-54 | l _ 
10 11 1-46 — — pereesote 
1] 5 0-66 5 0-67 
12 4 0-53 1 0-13 Total 631,269 1,672 2-649 
13 3 0-40 ows a | 
14 2 0-26 l 0-13 
15 _ --- —- — Birth Rank 
16 - — — — I 221,943 558 2-514 
17 — l 0-13 2 143,031 313 2-188 
———_ —___— 3 82,286 227 2-759 
Total 755 100-0 742 100-0 4 49,390 157 3-179 
—_—_——— -— 5 & 6 51,671 181 3-503 
Mean num- 7+ 37,728 136 3-605 
ber of preg- Not stated 11 — —- 
nancies 3-29 (S.D. 2-27) 2-96 (S.D. 1-92) 
Difference .. 0-33+0-11 Total 586,060 1,572 2-682 
30 3 
ME CONTROLS 


2S 3 


PERCENTAGE OF FAMILIES. IN EACH GROUP 
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NUMBER OF PREGNANCIES OF MOTHER AT TIME OF ENQUIRY 
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Fic. 11.—Mothers of malformations and control births compared in respect of the number of pregnancies. 
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TABLE XXXIIl 
PERCENTAGE DISTRIBUTION OF PROPOSITI BY BIRTH RANK FOR EACH YEAR 
Year 
Birth Rank — All Years 
1940 1941 1942 1943 1944 1945 1946 1947 
Malformations 
DP .. a «| aoe 42-1 41-7 37-2 39-0 29-3 37:1 36°9 35-9 
2 and 3 24-6 17-9 24-4 29-5 29-3 35°4 28-2 37°8 28-4 
4, 5 and 6 : 9-8 13-7 7:1 9-3 9-8 12-1 17°7 15-3 11-7 
7+ os ee! 6°6 5:3 7-9 5-4 4-1 2:0 5:6 3-6 5-2 
Not found «| Sore 21:1 18-9 18-6 17-9 21-2 11-3 6:3 18-8 
Total 100 100 100 100 100 100 «= 100t—i‘C200:ti‘ézx SCS 
Controls 
_ ad .., 29-2 31-9 36°9 33-0 23-4 21-3 25-4 30°5 28-8 
2 and 3 ol ae 25-3 32-0 36-7 42:7 41-7 43-9 47-3 37°9 
4,5 and 6 ie 15-6 16-5 14-6 12-8 17°7 15-7 14-0 16-0 15-4 
7+ i er 4-2 5°5 1-0 1-8 1-6 1-9 4-4 1-5 2:6 
Not found i 24-0 20-9 15-5 15-6 14-5 19-4 12-3 4°6 15-3 
~~ ‘Total 100 100 100 100 100 100 «=6 100-ti‘2200:ti‘(‘iéiti‘«‘iN 
Percentages of Birth Ranks \ and 7+- yy 2. ooo a 
In malformation 
series .. ..| 30°4 47-4 49-6 42:6 43-1 31°3 42:7 40-5 41-1 
In control series 33-4 37°4 37°9 34°8 25-0 23°2 29°8 32:0 31-4 
Difference 3-0 | 10-0 | 11-7 7-8 | 181 | 81 | 129 | 85 O77.” 





DATA DERIVED FROM THE REPORTS OF THE 
REGISTRAR-GENERAL FOR SCOTLAND (1939-1945).— 
The reports of the Registrar-General for Scotland 
since 1939 give for stillbirths the age of the mother 
and the number of previous children. The same 
information is not provided for infant deaths, and 
the effects of age and parity can only be examined 
for anencephalus which almost always results in the 
birth of a stillborn foetus. The figures given in Table 
XXXII (opposite) for the years 1939-1945 show 
the increased risks observed in the Birmingham data, 
but relatively the effects at higher ages and parities 
are much greater (Fig. 12). The two sets of data 
are not strictly comparable, for the Scottish figures 
are based only on legitimate births, and the Registrar- 
General neglects abortions in estimating parity. 
The higher incidence of abortions in mothers of 
malformations is certain to influence birth rank. 
Unfortunately, the Scottish data do not enable us 
to examine separately the effects of maternal age 
and parity. 


Discussion.—The relation of maternal age and 
parity to the incidence of congenital malformations 
has been considered by several writers, but adequate 
data on malformations and controls have not been 
available, and no evidence so far published settles 
the issue beyond doubt. Still (1927) first compared 


a small number of malformations with an unsatis- 
factory control group, and concluded that risks 
were higher with first born, particularly in the case 
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Fic. 12.—Stillbirth rates due to anencephalus distributed 
by birth rank and maternal age (Scotland, 1939-45). 
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of pyloric stenosis. In the case of mongolism, 
however, the risk appeared to be greater at high 
maternal age. His results were criticized by 
Macklin (1929) who examined statistics on 1,000 
malformations collected from the literature, and 
decided that primogeniture had no effect. Equally 
unsatisfactory are reports based on hospital records, 
in which the numbers are small and the populations 
unrepresentative. (Malpas, 1937; Potter and Adair, 
1943; Drillien, 1947.) 

Murphy (1940) completed a field study of mal- 
formations selected from the register of deaths in 
Philadelphia, and using the Greenwood-Yule 
method compared the malformations with the 
non-malformed children of the same sibships. He 
noted that the risk of birth of a malformation 
increased with both age and parity, but did not 
separate the two effects. In this series, many of the 
sibships were incomplete at the time of the investiga- 
tion which was finished within six years of the first 
death and less than one year after the last, and the 
control group was therefore likely to be deficient 
in the higher birth ranks and maternal ages. Data 
published by Hindse-Nielsen (1938) on 160 cases of 
spina bifida in 130 families permit an examination 
of the association with birth rank, which shows that 
this malformation was slightly less frequent in the 
first three birth ranks. Once again there is no 
indication that the sibships were complete at the 
time the data were recorded. 
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The most useful contribution yet available on this 
subject was made by Penrose (1934; 1946). In the 
first of two papers he showed that the risk of 
mongolism increased with advancing maternal age: 
the effect of birth rank was less marked, but the 
first born and infants of high birth rank seemed 
predisposed to the condition. His second paper 
dealt with 144 malformations of the nervous system, 
and, using a modification of the Greenwood-Yule 
method, he found that their incidence increased 
significantly with advancing maternal age and with 
rising birth rank. The effect of maternal age 
appeared to be more marked than that of birth 
rank, although when the influence of maternal age 
was eliminated, primogeniture still seemed to 
increase the risk. The discrepancy between Pen- 
rose’s results and our own may be explained by the 
higher proportion of hydrocephalics in his series 
(31 per cent. compared with 16 per cent.).for, as we 
have shown, the incidence of hydrocephalus is 
markedly increased at higher maternal ages. 


SOCIAL STATUS 


Indices of social status used are: locality of 
domicile; rent of house; and legitimacy. The 
father’s occupation was also recorded, but is not 
considered sufficiently reliable for analysis. 


LocaLity OF DomiciLe.—Appendix A describes a 
classification of the city wards into three social 


TABLE XXXIV 
MALFORMATIONS CLASSIFIED BY WARD GROUPS 





Ward Group* 


























All Wards 
| I II Ill 
Type of Malformation | - Unlocated 
Rates per Rates per Rates per Rates per 
| No. ; No. 1,000 No. r No. 1,000 
related related related related 
Births Births Births Births 
Anencephalus 121 2-135 170 2: 361 75 2°535 — 366 2°312 
Spina bifida 136 2-400 179 2-486 73 2-468 ] 389 2-457 
Hydrocephalus .| 63 1-112 61 0-847 26 0-879 — 150 0-948 
Others... a ia’ on 0-106 11 0-153 8 0-270 — 25 0-158 
All malformations | 326 5-753 421 5-847 182 6-152 | 930 5-875 
Calculated rate obtained| 
by applying rates for 
whole city by parity to| 
estimated parity con- 
stitution of each ward) 
group oe 5-756 — 5-833 -— 6° 156 | — -— _ 
| ails 
* Group I: Wards with the poorest houses. 
Group II: Wards with houses intermediate in standard between I and III. 


Group III: 


Wards with the best houses. 
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TABLE XXXV 
J - ee THE PROPORTION OF STILLBORN MALFORMATIONS 
the CLASSIFIED BY WARD GROUPS 
0 | | 
5 — | Ward Group | _ All 
Malformations Wards 
I II Il 
44 
Stillborn .| 204 262 117 .| 583 
Died in first year | 122 159 65 | 346 
34 } 
Total 326 421 182 | 929 
4 Percentage still- | | 
born .. --| 62°6 62:2 64-3 62-8 
\4 
TABLE XXXVI 
THE PROPORTION OF STILLBORN MALFORMATIONS 
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MALFORMATIONS ; EXCLUDED) 
Fic. 13.—Malformation rates by ward groups 
Birmingham, 1940-47). 
sean ; Ward Group | All 
groups, and the home address of the mother at the Malformations | Wards 
time of the birth was used to place each malforma- I I iil L 
tion in one of them. Table XXXIV gives for each — gijiporn 90 101 45 236 
group the number of malformations of the three Died in first year 115 150 62 327 
main types, and rates have been calculated from : — 
the total births (live and stillborn) in each ward tal 205 251 107 adil 
group of the city for the same period, births within Percentage still- 
the city to women normally domiciled outside born 43-9 40-2 42-1 41-9 
being excluded. (See Fig. 13.) 
TABLE XXXVII 
MALFORMATION AND CONTROL GROUPS COMPARED IN RELATION TO RENT OF HOUSE 
Malformation Group Control Group 
Rent of House 
Number | Percentage Number Percentage 
Weekly Rent: 
Less than 7s. 6d. 25 3°31 18 2°43 ) 
Ts. 6d.—9s. 11d. 94 12-45 > 45-83 106 14-29 +} 52-43 
10s.-14s. 11d. 227 30-07, 265 35-71 
1S5s.-19s. 11d. 97 pid 84 11-32 
20s.-24s. 11d. 49 6°49 | 23-44 49 6:60 | 22-50 
25s.-34s. 11d. 26 3-44 [ 28 3-77 
35s, and over 5 0-66 | 6 0-81. 
Not known 11 1-46 1-46 12 1-62 1-62 
Total 534 70-73 568 76°55 
No Rent Paid: 
Own house or buying it ... 123 16-29 103 13-88 
Living with relatives 65 8-61 50 6-74 
Other reasons 33 | 4°37 21 2°83 
Total 221 | 29-27 174 23-45 
Total 755 100-00 742 100-00 
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The rate for anencephalus is slightly higher in the 
better ward groups, but the numbers are not large 
enough to be more than suggestive. The propor- 
tions of malformations which were stillborn are 
given in Table XXXV for the three ward groups; 
the figure is slightly higher in the third. This group, 
however, contains a higher proportion of anen- 
cephalus, and when this type is excluded (Table 
XXXVI) there is little difference between the three 
groups. 

Since the risk of malformation is related to birth 
rank, comparison between ward groups is not 
satisfactory unless the rates are standardized for 
parity. Applying the city malformation rates for 
each birth rank to the population of each ward 
group estimated from the control series, we obtained 
a malformation rate per ward group almost identical 
with the observed rate which suggests that the 
increased rate in the better wards is due to the 
increased proportion of primiparae in these wards. 
This result, however, must be accepted with reserve 
because of the rather high proportion of cases of 
unknown birth rank (ward group I, 16 per cent.; 
ward group II, 12 per cent.; ward group III, 19 per 
cent.). 
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RENT OF House.—The rent of the house was 
obtained in the field enquiry, and is used in Table 
XXXVII as the basis of a comparison between the 
malformation and control groups. In ‘the mal. 
formation group the percentage in houses rented at 
less than 15s. per week is 6-60 (--2-58) lower than 
the percentage in the control series. 


LEGITIMACY.—The civil status of the malforma- 
tions was obtained from Maternity and Child 
Welfare Department records, and Table XXXVI] 
compares the proportion illegitimate with the 
corresponding figure for all births in Birmingham of 
the same period. The proportion of malformations 
which were illegitimate is low in consequence mainly 
of the contribution of anencephalus. The high 
proportion of stillbirths characteristic of this type 
of malformation could account for the difference, 
if there were evidence of less accurate reporting of 
civil status for stillbirths. This possibility is 
examined in Table XXXIX, which gives the propor- 
tion of illegitimate births for stillborn and live born 
malformations of the nervous system, with anen- 
cephalus excluded. The figures do not suggest that 
stillbirths are less accurately reported, and the low 


TABLE XXXVIII 
Crvi_ STATUS OF MALFORMATIONS 





All Infants 
Type of Malformation 


Difference from 
percentage illegitimate 
in all Birmingham 


Illegitimate Infants+ 











Number Number Percentage Births (1940-47) 
Anencephalus 366 8 2-186 (+0-764) 3-91* 
Spina bifida .. 389 23 5-913 (+1-196) 0-18 
Hydrocephalus 150 8 5-333 (+1-835) 0:76 
Others 25 — — — 
Total BE a 930 39 4-194 (+0-657) 1-90* 





* Difference exceeds twice its standard error. 


+ Illegitimacy rate for live and still births for Birmingham (1940-1947): 6-096 per 100. 


(Registrar-General.) 


TABLE XXXIX 
THE PROPORTION OF ILLEGITIMATE BIRTHS FOR STILLBORN AND LIVE-BORN MALFORMATIONS (ANENCEPHALUS EXCLUDED) 





Stillborn 


Infant Deaths 





Type of Malformation 











Illegitimate Legitimate and Illegitimate Legitimate and 
Illegitimate Illegitimate 
Spina bifida .. 9 120 14 269 
Hydrocephalus 6 112 2 38 
Others a 5 — 20 
Total 15 237 16 S2f 
—— ~ X ~y - 
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TABLE XL 


LEGITIMACY OF STILLBIRTHS DUE TO MALFORMATIONS OF THE NERVOUS SYSTEM AND OF INFANT DEATHS DUE TO ALL 
CONGENITAL MALFORMATIONS IN SCOTLAND (1939-1945) 





Legitimate and 


Illegitimate Percentage Illegitimate 

















Illegitimate 
All Live Births .. 631,297 44,816 7-099 
All Stillbirths 24,595 2,089 8-494 
Total Births 655,892 46,905 7-151 
Stillbirths due to: 
Anencephalus ie 1,672 100 5-981 +0-580 
Spina bifida ne oe 302 19 6-291 +1-397 
Hydrocephalus... - 887 60 6: 764 +0-843 
Total .. ‘a - - 2,861 179 6-257 +0-453 
Infant Deaths due to all Con- 
genital Malformations 3,975 320 8-050+0-431 
TABLE XLI 


illegitimate rate for anencephalus appears to be 
independent of this factor. 

The annual reports of the Registrar-General for 
Scotland for the years 1939-1945 record the civil 
status of stillbirths for anencephalus, spina bifida 
and hydrocephalus, and the civil status of infant 
deaths for all congenital malformations grouped 
together (Table XL). Only anencephalus can be 
compared with our tables, which combine still- 
births and infant deaths. Although the proportion 
of illegitimate births among the anencephalics in 
the Scottish data is considerably higher than in the 
Birmingham series, it is nevertheless below the 
proportion for all Scottish births. 


DiscussioN.—The Registrar-General (Decennial 
Supplement, 1921) suggested that social class had 
little effect on infant mortality from congenital 
malformations, a conclusion supported by Woolf 
(1946) from statistics for England and Wales 
(Table XLI). Murphy (1940) found a low propor- 
tion of well-to-do families among those from which 
571 malformations were drawn, and noted that in a 
hospital for poor patients the incidence of mal- 
formations was twice as great as the rate for the 
whole city (Philadelphia). On this not very 
satisfactory evidence he concluded that mothers in 
poor social circumstances were exposed to an 
increased risk of the birth of a malformation; 
evidence in support of this view was provided by 
Baird (1947) who compared the numbers of mal- 
formations in two small series of births selected 
from private and hospital practice. These reports 
examine the relation of social class to the incidence 
of all malformations; the literature contains no 
information on its relation to the incidence of 
different types of malformation. 


INFANT MorTALITY RATE ATTRIBUTABLE TO CONGENITAL 
MALFORMATIONS BY SOCIAL CLASS OF FATHER—-ENGLAND 
AND WALES, 1930-1932. (QuoTeD By WOOLF, 1946) 





Social Class Yo Ir | Wt; Iv) Vv | All 





Infant mortality 


rate per 1000 5:0 5-4 5:6 5-7 | 5-4} 5:5 





The influence of the nutritional state of the mother 
on the risk of malformations has been considered in 
animals (Hale, 1933; Warkany, 1945, etc.). Cer- 
tainly severe vitamin deficiencies do result in the 
occurrence of congenital malformations of a special 
type in a proportion of the young of selected 
experimental animals, though the relation of this 
fact to the human problem is uncertain. There is 
no laboratory evidence that central nervous mal- 
formations, numerically the largest group in human 
beings, are produced in this way. Murphy (1940) 
and Burke and others (1933) inspected the dietary 
habits of pregnant women, and concluded that poor 
diets were common among mothers who delivered 
malformed births. The conclusions in both cases 
are based on small numbers of observations and are 
influenced by the difficulties familiar to investigators 
of human dietary habits. Diet is, of course, only 
one of the variables related to social status. 


MATERNAL HEALTH DURING PREGNANCY 


Information about maternal health during preg- 
nancy was obtained for the malformation and 
control series, by direct interrogation of the mothers. 
Its reliability is difficult to assess, not only because 
any patient’s memory of her own illness is subject 
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TABLE XLII 
DISABILITY DURING PREGNANCY 





ee 


Type of Malformation 














Control 
Disability Anencephalus’ Spina bifida Hydrocephalus Others Total (742) 
(305)* (309)* (118)* (23)* (755)* 
|'No.| % | No.| % | No. % | No.| % | No.| % No. % 
First half of Pregnancy 
Vomiting of pregnancy ... 28 9-2 20 6°5 > i wei § 4-3 52 6-9 37 5-0 
Threatened abortion ..| 11 3-6 6 1-9 1 0-8 l 43. 19 a°$ 8 1+] 
Severe mental shock ae 3 1-0 4 13) — os a — 7 | 0-9 2 0:3 
Falls and minor accidents 4 1-3 4 1-3 1 0-8, — -- 9 | i2 — _ 
Surgical operations ..| la} 0-3 1b 0:3 lc| O8| — | — 3 | 0-4 ld 01 
Other major conditions..; le | 0-3) — — 3f | 2:5; — —_ 4 | 0-5 lg 0-1 
Second half of Pregnancy 
Ante-partum haemorrhage 
Placenta praevia 3 10, — — _ — _ — 3 04 — — 
Accidental 2 0-7 | 0-35 — _ — ~~ 3 04, — — 
Unspecified ; 2 07; — — — — = — 2 0-3. — — 
Toxaemia - wo BS 4:9, 12 3-9 | 10 8-5 1 4-3 38 5:0 38 5+] 
Premature labour (i.e. at) 
3 | 13-0 | 274 | 36-3 = 60 8-1 


or before 36 weeks) ..| 196 | 64- 


50 | 16:2 
| 


25 | 21:2] 3 





a Excision of skin tumour. 
6 Operation on toe. 

c Appendicectomy. 

d Uterine myomectomy. 


to error, but also because it is not unlikely that 
mothers readily recall details of a pregnancy which 
resulted in an abnormal birth, whereas details after 
normal deliveries are quickly forgotten. For 
example, falls and minor accidents were recorded 
nine times in association with the malformations, 
and not at all in the control series. With these 
difficulties in mind we may consider the data for 
both groups in Table XLII. 


THREATENED ABORTION.—Threatened abortion 
was slightly more common in pregnancies which 
resulted in anencephalics than in those associated 
with other central nervous malformations or with 
normal births. With the exception of one case in 
which the mother admitted that she attempted to 
induce an abortion, we have no information about 
the cause, the facts being equally consistent with 
the threatened abortion of an abnormal embryo, 
or with defective implantation resulting in embryonic 
defect. In either case, the figures do not recommend 
this as a common contribution to the aetiology of 
central nervous malformation. The literature offers 
few results for comparison, but the report by Shute 
(1939) of 2 per cent. of deformed foetuses in 443 
cases of threatened abortion treated with vitamin E 
or progesterone,* is consistent with this view. 
Kotz, Parker, and Kaufman (1941) published 


* A series collected from the literature. 


e Pleurisy. 

f Jaundice; diabetes; uterine fibroid. 

g Uterine fibroid. 

* No. of propositi on which percentages are based. 


details of 184 cases of threatened abortion, associ- 
ated with the birth of 102 viable infants; abnormali- 
ties were recorded in five cases (4-9 per cent.), 
and of these only two (anencephalus and mongo- 
lism) were of a major type. In further support of 
this view may be cited the fact (detailed in the 
previous section) that illegitimate pregnancies, 
which almost certainly experience attempts at 
interference more frequently than legitimate preg- 


nancies, do not show a greater incidence of mal- ‘| 


formations. 


PLACENTA PRAEVIA.—Placenta praevia existed in 


three out of 305 cases of anencephalus, and in none © 


of the other malformations or normal births. This 
proportion (1 per cent.) is about ten times greater 
than that usually given for all births (0-1 per cent.) 
and is unlikely to be due to chance. Even so, the 
majority of anencephalics have a placenta which is 
normally situated, and the majority of placentae 
praeviae are associated with normal foetuses. The 
association of placenta praevia with foetal deformity 
was first noted by Greenhill (1923), who later (1939) 
collected from clinic records and from the literature 
details of 4,446 cases of placenta praevia of which 
111 were associated with deformed foetuses (2:5 pet 
cent., as compared with 0-94 per cent. in a large 
series of normal deliveries). Data which confirm 
this association were recorded by Siegal (1934), 
Murphy (1940), and Potter and Adair (1943). 
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The high incidence of foetal deformities among 
extra-uterine embryos is well known (Mall, 1917; 
Hellman and Simon, 1935; Suter and Wichser, 
1948), but the relevance of this observation to the 
malformed foetus which develops within the uterus 
is in doubt. Furthermore, many of these deformi- 
ties are of a minor character for which a mechanical 
explanation may be advanced. On present evidence 
it is not possible to say whether defective implanta- 
tion of the ovum per se is or is not a factor of much 
importance in the aetiology of malformations of the 
nervous system. 


DiaBeTes MELLITUS.—Diabetes occurred only 
once in the series, and was associated with the birth 
of a hydrocephalic infant. Skipper (1933) and 
White (1935) reported 3-0 per cent. and 4-2 per 
cent. respectively for the incidence of malformations 
in 169 and 166 pregnancies in diabetic women. 
Once again the association is noteworthy, but can 
scarcely be a frequent factor in the causation of 
malformations. It is probable that the increased 
incidence can be, to some extent, accounted for by 
the fact that diabetes is usually associated with a 
high stillbirth rate, thus rendering available for 
autopsy an unusually high proportion of foetuses. 
In this way minor internal malformations which 
may for a time be undetected in the live born are 
brought to notice. 


TOXxAEMIA.—The incidence of toxaemia is about 
equal in the control and malformation groups. 
Drillien (1947) reported a lower incidence of 
toxaemia in pregnancies which resulted in mal- 
formations, and certainly this condition, uncommon 
before the sixth month, would not be expected to 
influence malformations which are laid down early 
in pregnancy. 


ViRUS INFECTIONS.—There was no history of 
rubella or of any other virus infection during the 
pregnancies resulting in 755 malformations of the 
nervous system; there was also no history of virus 
infection in the pregnancies of the controls. On 
this evidence we can neither confirm nor refute the 
Suggested role of these infections in other types of 
malformations (which mainly exclude those of the 
central nervous system) but are entitled to conclude 
that they are not commonly associated with the 
malformations here investigated. The earlier obser- 
vations on the association of rubella with congenital 
defects have been reviewed by Parsons (1946), 
Murphy (1947), Warkany and others (1948). 
Others have attempted to meet the inevitable 
criticism of retrospective observations on mal- 
formed foetuses by noting the incidence of mal- 
formations among the births when rubella was 
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recorded during pregnancy (Fox and Bortin, 1946: 
Ober and others, 1947; and Bradford Hill and 
Galloway, 1949). The numbers so far obtained in 
this way are small, but suggest an incidence con- 
siderably in excess of experience with normal 
pregnancies. 

Observations on other virus infections in preg- 
nancy have been recorded by Dogramaci and Green 
(1947), Fox and others (1948), and Gérard-Lefebvre 
and Merlen (1948), and with one exception (Gérard- 
Lefebvre and Merlen) gave negative results. Evans 
and Smith (1946) interrogated mothers who gave 
birth to 25 lethal malformations, and did not elicit 
a history of virus disease during pregnancy. _Influ- 
enza has also been suggested as a causal agent, but 
our examination of the Registrar-General’s returns 
since 1916 indicates that the malformation rate is 
not correlated with the annual death rate from 
influenza of the same or of the previous year. 


THERAPEUTIC IRRADIATION OF THE FOETUS WITH 
RADIUM OR YX RAyS.—Evidence assembled by 
Murphy (1947) strongly suggested that malforma- 
tions, particularly of the nervous system, can result 
from irradiation of the foetus in utero. No history 
of irradiation was obtained in the pregnancies which 
produced the malformed births of our series. 


SEVERE MENTAL SHOCK.—Popularly considered 
a potent factor in producing malformations, severe 
mental shock was recorded for seven of the mal- 
formations, and for two of the controls; for the 
reason stated at the beginning of this section, little 
attention can be paid to this slight difference in 
incidence. It is also worth noting that the incidence 
of malformations was not higher in the city during 
the years when air raids were most frequent. 


PREMATURE LABOUR.—Premature labour is men- 
tioned in this context, not because it has any bearing 
on the aetiology of malformations, but because its 
common occurrence when the foetus is malformed, 
especially in cases of anencephalus, is of interest 
(see Table XLII). As an index of early labour the 
usual definition of prematurity based on the weight 
of the foetus would be particularly misleading in a 
discussion on central nervous malformations, since 
the abnormal size of the head in many cases has an 
obvious relation to the infant’s weight. Accordingly 
we have based our statistics on the duration of 
gestation estimated from the date of the last 
menstrual period. 

Stillborn foetuses with central nervous mal- 
formations, are frequently macerated, indicating 
that death has taken place some time prior to labour, 
presumably as a result of the malformation. This 
accounts for a number of the cases of premature 
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TABLE XLIII 


EMPLOYMENT OF MOTHERS OF THE CONTROL GROUP AT THE ONSET OF PREGNANCY (1940-47)* 





Year of Birth of Propositus 


—— — —— Total 
1940 194] 1942 1943 1944 1945 1946 1947 











Primigravidae 28 (25-0) 29 (51-7) 38 (52-6) 36 (61-1) | 29 (65:5) 23 (69:6) 29 (48-3) 40 (42-5) 252 (51-6) 
Multigravidae 45 (11-1) 43 (20-9) 49 (10-2) 56 (23-2) 77 (18-2) 64(15°6) 71(15°5) 85 (14-1) | 490 (16-1) 
Total .. 73 (16-4) 72 (33-3) 87 (28-7) 92 (38:0) 106 (31-1) 87 (29-9) 100 (25-0) 125 (23-2) 742 (28-2) 


$$ 














Nervous Mal- 

formation 

rate per 

1,000 (all . 

city births) 7°43 6°55 6:98 6°48 5-52 5-03 5:46 4-52 5-87 





* The table gives the total number of women in each group, and, in brackets, the percentage of these employed in a remunerated occupation 
at the onset of pregnancy. 





TABLE XLIV 
COMPARISON BETWEEN MALFORMATION AND CONTROL GROUPS IN RESPECT OF WORK OF MOTHERS IN EARLY 
PREGNANCY 
Primigravidae Multigravidae 
Work of Mother Malformations Controls Malformations Controls 








No. Percentage No. Percentage No. Percentage No. Percentage 


No work... fe 8 2:40 + 1-59 9 2°45 








193-88 

















Own housework with help al 8-08 15 5-95 52 12-41 27 5°51 
Own housework without help .. 95 28-44 104 41-27 266 63-48 365 74:49 
Remunerated employment only .. 59 17-66 17 6-75 14 3-34 6 1-22 
Remunerated employment and own 

housework with help... a ae 11-08 27 10-71 y 2-15 7 1-43 
Remunerated employment and ow 

housework without help .-| 108 32-34 85 33-73 69 16°47 65 13-47 
Total | 334 100-00 | 252—«100-00 Ss 419~—S—«100-00 | 490~—=«100-0 
Total engaged remuneratively ..| 204 61-08-+2-67| 129 51-19+3-15| 92 21-96+2:02 79 16-12+1-66 
Differences between percentages ae 

(Malformations—Controls) a 9-89% +4-13 584% +2°6l 





labour. Hydramnios isa not uncommon complica- increased proportion of mothers in remunerated 
tion of pregnancies which result in a congenital employment during the war years is demonstrated 
malformation, being particularly frequent in cases separately for primigravidae and multigravidae in 
of anencephalus (Drillien, 1947),and no doubt many Table XLIII. In 1943, 38 per cent. of mothers 
of the cases of premature labour in our series were were remuneratively employed at the onset of 
due to the mechanical distension of the uterus from pregnancy, the figures being 61 per cent. and 
this cause. 23 per cent. for primigravidae and multigravidae 
respectively. The reduction in the malformation 
rates over these years has already been discussed, 

Information was obtained in the field enquiry and no conspicuous association with the incidence 
about the work done during pregnancy by mothers of maternal employment is evident. This problem 
in the malformation and control groups, and the _ is further investigated in Table XLIV which shows 


MATERNAL OCCUPATION DURING PREGNANCY 
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TABLE XLV 
OCCUPATION OF MOTHERS AT THE ONSET OF PREGNANCY 







































































—— y 
Malformation Group Control Group 
1 Type of Occupation no — 
otal No. Percentage No. Percentage 
Professional and executive .. rf - ~ 11 7 8 3-8 , ia 
pa (51-6 BF Clerical 56 ob 34-4 28 13-5 26-0 
74 (16:1) Shop assistants and ‘occupations of similar status 35 1-8 if 18 8-7 | 
(28-2) Factory work: 
an Supervision .. i - i: l 0-3) 2 1-0) 
Viewing and assembling 53 17-9 | 27 13-0 
Filing, painting, and machine work ‘i 63 21-3 > 50°6 51 24-5 57:2 
Store-keeping and packing . me ne 6 2:0 7 3-4 | 
5-8 Other manual work - 27 9-1) 32 15-4 
a Public house, canteen and restaurant work 13 4-4 11 5-3) 
— Laundry and domestic work, office cleaning 16 5*4> 12-2 15 7-2 13-9 
d occupation Public iransport—conductresses, porters .. es 7 2°4 3 1-4 
Armed Forces ‘ i me oa om 4 1-4 | 0-5 
} Unspecified .. a ec a iy - 4 1-4 5 2-4 
Total .. 296 100-0 208 100-0 
IN EARLY 
TABLE XLVI 
——— STAGE OF PREGNANCY WHEN MOTHERS CEASED EMPLOYMENT 
| 
Primigravidae | Multigravidae 
trols as Seales a 
=— ; Duration of Gestation (weeks) Malformations Controls | Malformations Controls 
centage a ane pean ‘ seni 
: 3-83 No. Percentage No. Percentage | No. Percentage “No. Percentage 
5-51 Less than 12 3215-7 14 108. | 16| 17-4 9 14 
74°49 12-15 “ 31 15-2 33 25-6 | 19 20-7 x 10-1 
1-22 16-19 31 15-2 14 10-8 8 8-7 5 6:3 
20-23 35 17-2 21 16-3 | 14 15-2 16 20:3 
1-43 24-27 41 20:1 20 15-5 14 15-2 13 16°5 
28-31 be be - oe 12-2 13 10-1 9 9-8 10 12-7 
13°47 32-35 » ts i a 3 2-4 y 7-0 5 5-4 5 6-3 
ae 36-39 ve - 3 “3 4 ce 4 4-3 10 12-7 
00-00 40+ .. — — 0-8 3 3-3 2 2:5 
Unspecified — l 0-5 _- — --- I 1-3 
12+1-66 ares, a eli 5 ee See ee ee eee 
Total 204 ~—«-100-0 129 100-0 | 92. 100-0 79 100-0 
, Mean (weeks) 20-6 21-1 21-2 24:5 
3 
inerated | for primigravidae and multigravidae of the mal- The data here recorded about employment of 
nstrated * formation and control series the circumstances in women in pregnancy during and since the war have 
vidae in __ Tespect of work in early pregnancy; the proportion some intrinsic interest. It is, however, necessary 
mothers j of mothers remuneratively employed is higher for to be cautious about drawing any conclusion from 
nset of _ the malformations. Table XLV records the type differences between control and malformation 
nt. and _ of work done, and shows a slightly higher percentage groups of the dimensions shown in the accompany- 
sravidae of manual workers in the employed of the control ing tables, and we limit our conclusion to the 
rmation group. Information obtained about the stage in statement that there is at least no noteworthy 
scussed, pregnancy in which mothers left regularemployment association between the proportion of mothers 
icidence (Table XLVI) shows slight differences between the remuneratively employed and _ the incidence 
problem twogroups, which could be explained by the more fre- of congenital malformations of the nervous 
1 shows quent premature onset of labour in the malformations. system. 
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SUMMARY 


1. In the years 1939 to 1945, congenital mal- 
formations in Scotland were responsible for 11-7 
per cent. of the certified deaths of infants stillborn 
or dead within the first year of life. National 
statistics for England and Wales do not give the 
causes of stillbirths but, in the years 1941 to 1945, 
attribute to the same causes about 10 per cent. of 
first year deaths. 

2. Scottish data (1941-45) show that malforma- 
tions of the central nervous system accounted for at 
least 72 per cent. of stillborn and 39 per cent. of live 
born malformations which died in the first year of 
life, or for 55 per cent. of the combined total. 

3. Data from Birmingham Maternity and Child 
Welfare Department records are examined in respect 
of 930 consecutive malformations of the central 
nervous system certified as the cause of stillbirths or 
of first year deaths in the city in the years 1940 to 
1947. They were classified as follows: anencepha- 
lus (366); spina bifida (389); hydrocephalus (150); 
others (25). From this material evidence is provided 
of: 

(a) The frequency with which different types of 
malformation are associated in one individual. 

(6) The sex-ratio of the central nervous malforma- 
tions. 

(c) Secular trends. The rate for hydrocephalus 
remained fairly constant in the 8-year period. 
The rates for anencephalus and spina bifida 
declined, and it is suggested that the observed 
reduction may be accounted for by the change 
in parity of the mothers. 

4. By home visits additional information was 
obtained from mothers of 755 of the 930 malforma- 
tions, and from mothers of 742 of 876 births not 
resulting in malformations, selected by taking 
every 200th name from the registers of live and 
stillbirths for the same years. 

5. The association of the age and parity of the 
mother with the risk of birth of a central nervous 
malformation was examined in a comparison of the 
malformation and control groups, with the following 
results: 


(a) Considering all the central nervous malforma- 
tions together, risks of the birth of a mal- 
formation are considerably increased at the 
first parity and above the sixth, and are 
correspondingly reduced between these ex- 
tremes. Variations in association with mater- 
nal age are also present but are less marked. 

(b) Considering the main groups separately, results 
for anencephalus and spina bifida are similar 
to those for the whole series. In the case of 
hydrocephalus, the effect of birth rank is 
slight when compared with the marked effect 
of high maternal age. 


6. Locality of domicile, rent of house, and 
legitimacy of the birth were used as indices of social 
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status; they do not reveal any notable differences jp 
the incidence of central nervous malformations. 
7. The incidence of maternal illness or of othe, 
maternal disability during pregnancy is recorded 
There was no history of rubella or of other virys 
infection during the pregnancies resulting in the 
755 malformations of the central nervous system, 
8. Information is also recorded about materna| 
employment during pregnancy. There was no 
noteworthy association between the proportion of 
mothers remunerativelyemployed and the incidence 
of congenital malformations of the nervous system, 


Many people assisted the work of this enquiry, and we 
acknowledge our indebtedness to the following: Dr, 
Jean Mackintosh and members of the Birmingham 
Maternity and Child Welfare Department who co-opera- 
ted fully in making available to us the records of the 
department; Dr. Dorothy Tidmas, who completed a 
preliminary survey of the malformations of one year: 
Mrs. Kathleen Gibson, Miss Mary Edge, Mrs. Burgess 
Smith, Mrs. Leaver, Miss Day, Miss Bayes, and members 
of the Almoners’ Department of the United Birmingham 
Hospitals, all of whom took part in the field work; and 
Miss Catherine Wall, who prepared the figures used in 
the text. Dr. Enid Charles and Sir Leonard Parsons read 
the typescript and offered useful suggestions. Finally, 
and in particular, we record our gratitude to Prof. 
Lancelot Hogben, F.R.S., who has contributed most 
generously to this enquiry. 
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APPENDIX A 


CLASSIFICATION OF BIRMINGHAM CITy WARDS INTO THREE SOCIAL GROUPS 


In Birmingham certain statistics can be prepared 
separately for each city ward, and since alternative 
indices of social status are often not available, a 
classification of wards into social groups is of value. 
For many years the annual reports of the Medical 
Officer of Health have given statistics for central, 
inner and outer rings, a classification based on the 
wards and related broadly to social differences. 
This classification introduces certain anomalies: 
Edgbaston, for example, is in the inner ring, but 
having been reserved as a high-class residential area, 
contains few working-class dwellings; in the outer 
ting some wards have a high proportion of munici- 
pally-owned houses occupied by residents of the 
artisan class, while others have mainly privately- 
owned houses, many occupied by professional and 
business men. We have therefore re-classified the 
wards, using data from three sources: 

(1) The Housing Survey Report, 1946, gives for each 
ward the number of houses: (a) back-to-back ; 
(b) with a bathroom; (c) witha bath; (d) mun- 
icipally-owned. 

(2) The Birmingham City Statistical Office* has 
supplied the average rateable values for each 
ward. 

(3) The Town Planning Department gave the 
surface area of each ward, from which were 
calculated by wards: (a) housing densities; 
(b) population densities, using the ward 
population given in the Report of the Medical 
Officer of Health, 1947. 


Table A and Fig. A (overleaf) give the data on 
which the 34 city wards were divided into three 
groups: 





* We are indebted for this material to Dr. Enid Charles. 


Group I. Fifteen wards with a high proportion of 
substandard houses. These include all the central 
wards and the more highly industrialized wards of 
the inner ring; it accommodates mainly the 
families of workers with low incomes. 

Group II. Twelve wards with houses of a higher 
standard than Group I. The most significant 
feature is the high proportion of municipally- 
owned houses in eight wards. These houses are 
also occupied mainly by working-class families. 

Group III. Seven wards with a high general level 
of housing. All except Edgbaston are in the outer 
ring and well removed from the industrial areas. 


Infant mortality and live birth rates for the years 
1946 and 1947 show considerable differences 
between the three ward groups. (Table B, overleaf, 
and Fig. B, below.) 
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LIVE BIRTH RATE PER 1000 INFANT MORTALITY RATE PER 
OF POPULATION (1945-47) . 4000 LIVE BIRTHS (1945-47). 


Fic. B.—Birth rate and infant mortality rate by ward 
groups (Birmingham, 1946-47). 
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PERCENTAGE HOUSES PER ACRE (1946) 


PERSONS PER ACRE (1947) 
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(b) HOUSING DENSITY 
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(d) MUNICIPAL HOUSES 
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(f) POPULATION DENSITY 


Fic. A.—Housing details by ward groups (Birmingham, 1946-47). 
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APPENDIX A, TABLE A 
HOuSING STATISTICS OF WARD GROUPS IN BIRMINGHAM (1946) 
Housing and Popula- 
Percentage of Dwelling Houses Average tion Density 
Municipal Ward - Rateable —— - 
Back-to- With With Munici- Value Houses Persons 
back type bathroom bath pally (1947) per Acre’ per Acre 
owned £ 
1StMary’s .... 47-2 3-9 27+1 0-0 761 107 41-6 
Duddeston and Nechells 29-1 3-8 29-8 2-6 7:84 12-2 44-3 
St. Bartholomew’s .. 26:7 6°8 22:5 6-7 7:90 9-0 32:1 
St. Paul’s 63°8 2:0 38-3 0-0 7:93 12-8 44-0 
All Saints’ 29-9 2°5 45:1 0-4 8-43 15-8 52-8 
Ladywood 61-0 22 20-9 0-6 8-45 19-0 65:0 
St. Martin’s . . 49-7 8-5 31-2 5°3 8-98 12-3 46-2 
Market Hall. . 64-7 4-8 28-4 0:0 9-20 9-1 32:1 
Aston 24:8 5-9 37-9 0-0 9-25 14-1 50-7 
Saltley 1-9 29-5 49-0 13-4 11-03 6°4 24:0 - 
, Rotton Park. . 26-5 15-5 42-6 0-0 11-34 12-0 42:1 
Lozells * 21-1 5-0 31-8 0-5 11-63 19-5 70:8 
Small Heath. . 4-4 27:9 57-6 13-7 11-70 13-3 50-4 
Sparkbrook .. 73 16:7 34-4 0-0 11-75 11-4 45-2 
Balsall Heath 11-0 15-9 35-4 0-0 11-95 18-1 64-2 
Average for Group I 29-3 10-8 36°5 2°87 9-86 12-38 44 76 
II Washwood Heath 0-8 62-7 81-8 17-4 12-94 4-9 19:1 
Selly Oak 0-7 53-8 82-6 9-6 13-91 5-3 18-6 
Soho... 5°2 41-9 77-6 1-7 15-60 9-2 33°6 
Sparkhill 0-5 52-0 67-2 2-7 16-13 7:6 27:8 
Bromford 3-0 44-7 78-2 32-3 13-46 2-9 11-7 
Perry Barr 0-0 86-5 99-8 35-3 13-47 6:1 25-3 
Yardley 0-2 62:7 88-6 28-4 13-84 6°5 25-5 
Stechford 0-0 89-7 98-7 42-4 13-89 3:1 13-1 
Erdington 0-7 61-7 87-8 39-4 14-54 7:0 28:3 
Acocks Green 0-1 56:1 94-0 44-8 14-58 7-4 30-0 
Northfield 0-1 82-9 95-9 38-9 14-65 2:3 8-3 
el Hall Green .. 0-0 72:8 99-5 41-6 16-37 6:3 24-8 j 
. | Average for Group II 0-6 68-4 90-0 30-3 14-40 4-63 18-15 
fill King’s Norton 0:3 73-4 82-8 11-3 16-50 30 11:0 
ms Gravelly Hill 0-2 75-0 86-0 21:9 16-58 4:1 17-7 
Sandwell 0-4 56-3 77-6 2:5 17-77 4-1 14-2 
Harborne 0-2 76:9 86-8 15-1 18-80 4-2 14-9 
Handsworth. . - 1-7 60-1 85-4 1-4 19-16 5-6 21-2 
Moseley and King’s Heath. . 0-1 74-0 91-5 21-7 20-80 4:5 17-5 
y Edgbaston .. oe - 5-8 75-4 88-9 0-0 34°81 2°8 11-5 
Average for Group III .. ‘a 1-1 7404 86:1 11-8 20:27 3-87 14-77 
Whole City 10:3 49-7 71-3 17-1 — | #56 | 2-O8 
i 
APPENDIX A, TABLE B 
7 VITAL STATISTICS OF WARD GROUPS IN BIRMINGHAM (1946-1947) 
, Ward Group 
Vital Statistics | —————————————  —————— — All Wards 
ig I II Ill 
Birthrate .. 25-7 21-0 19-7 22-4 7 
Infant mortality rate 49-2 36°5 33-1 40-4 = 


——— 
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MORTALITY FROM TUBERCULOSIS IN SOME COUNTRIES 


BY 


GUNNAR DAHLBERG 


From the State Institute for Human Genetics and Race Biology, University of Uppsala 


COMPARISON OF THE TUBERCULOSIS DEATH-RATE IN 
VARIOUS COUNTRIES 


Valid comparison between tuberculosis mortality 
rates of different countries has to take stock of the 
fact that the death-rate from tuberculosis is not the 
same for the two sexes and of the fact that it is not 
the same in different age groups. It is, therefore, 
misleading to compare crude rates, i.e. the annual 
number of deaths per 1,000 inhabitants. Obviously, 
a country with a high birth-rate will have a high 
death-rate from tuberculosis if the tuberculosis 
death-rate is very high among very young persons 
(less than 1 year old), albeit the death-rates for 
separate age groups might not then show any 
differences at all. To eliminate the source of error 
inherent in this circumstance, one may use figures 
for the cumulative risk of dying from tuberculosis, 
by adding figures for the various age groups. 
Figures obtained by this means are independent of 
the age distribution of the population. We may 
thus follow up 1,000 persons through the course of 
life and calculate how many die from tuberculosis 
provided that they do not die for some other reason. 


TABLE I 


TUBERCULOSIS DEATH-RATE IN DIFFERENT AGE GROUPS IN 
ENGLAND, FRANCE, AND SWEDEN 











In doing so, one neglects differences with reference 
to general mortality in different populations; but if 


it is desirable to take this into account we can express 
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Fic. 1.—Diagram of the cumulative death-rate from | 
tuberculosis up to different age-limits for men, in France 
(the dotted line), Sweden (the upper whole line), and 
England (the lower whole line). 
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England and France, Sweden, 5 
Wales, 1936 1931-35 1931-35 
Age (years) 4 
F. M. F. M. F. ; 
2 0-4 0-4 0-9 0-9 0-7 0-7 g 2 
10 0-5 0-5 1-3 1-3 1-1 1:2 5 
15 0-7 1-1) 2-0) 2-7) 1:8 2-6 Sy 
20 2:55 44 5:6 85) 5:9! 8-6 4 
25 6°5 oS.) 13-3.) 17-5 | I3°2 | 17-7 a 
30 10-8 14-1. 21-8 | 25-9 20-2 | 25-9 o 10 6200 (30 40 50 6070 
35 14-9 17-4 32-5 | 32-9 26-1 | 32-6 YEARS 
40 19-6 20-3 44:2 39:0 31:4 38:0 iG. 2.—Diagram of the cumulative death-rate from 
45 24:5 22:7 55:9 44:3 36:2 42:6 tuberculosis up to different age-limits for women, 10 
50 30°5 | 24-8 68:0 48-8 40-8 46°5 France (the dotted line), Sweden (the upper whole line), 


and England (the lower whole line). 
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TABLE Il 
COMPARISON BETWEEN THE TUBERCULOSIS DEATH-RATES IN DIFFERENT COUNTRIES 





| | 


Cumulative death Cumulative death 
risk at 50 years __ risk at 60 years 
of age per of age per 


| Tuberculosis 
| death-rate per 














Country Year | 10,000 inhabitants 1,000 inhabitants 1,000 inhabitants 
| M. F. M. F. M. F. 
Denmark mi * Bi. 1931-35 | 4:3 5-0 20-5 24:5 | 26:0 | 29-0 
i.) ae we Be ue Fig 1930 | 6:5 5:6 30°1 27°8 40:8 33-3 
Germany re % eg: 1932-36 6-6 5°5 28-5 25°4 38-7 30°6 
Italy .. 1936 66 | 6:4 35°6 35-0 45-3 40-5 
England and Wales 1936 70 | 47 30:5 24-8 43-2 28:5 
Sweden 1931-35 8-6 9-4 70:8 46-5 50:1 53-6 
Norway 1931-35 10-2 10:4 52:8 53-9 62-9 56:0 
France .. 1931-35 13-8 7:9 68-0 48-8 90-0 62-5 
Finland 1931-35 7*7 | FFs 81-9 89-3 107-6 102-2 


i 





the tuberculosis death-rate as a percentage of the 
general death-rate. The percentage will, of course, 
be different in different age groups. In comparing 
different populations, it may then be useful to cite 
the mean of percentage for all age groups. 

Table I and Figs. 1 and 2 cite cumulative or total 
death risk for England and Wales (1936), France 
(1931-35), and Sweden (1934-36) to illustrate how 
to carry out the relevant computations. At the age 
limit of 50 years we find that 4-1 out of 100 Swedish 
men die of pulmonary tuberculosis, and 4-6 out of 
100 women. Corresponding figures for England 
are 3-1 and 2:5. The figures for France are higher, 
6°8 for men and 4-9 for women. 

Table II cites for different countries both the 
cumulative death-rate from pulmonary tuberculosis 
up to 50 years, and the ordinary death-rate, i.e. how 


TABLE Ill 


COMPARISON BETWEEN THE PERCENTUAL TUBERCULOSIS 
DEATH-RATES IN DIFFERENT COUNTRIES 





Mean of the 
Tuberculosis percentual 
death-rate as Tuberculosis 


percentage of death-rates in 








Country general different age 
death-rate groups up to 
60 years 

M. F. M. F. 

Denmark 3-9 | 4:6 11:7 15+3 
Italy .. ~ .. 46) 49 14:2 16:6 
England and Wales ... 5-4 4:1 14:9 15-8 
U.S.A. 7 | 5°55 | 5:6 10-4 12-2 
Germany 5-7 | 51 138  15°4 
Sweden 7:55 | 80 19:7 24-6 
France 7-6 5:9 19:0 18-6 
Norway 9-6 | 10-0 21-2 26:9 
Finland 13-1 | 14:2 23-2 31:6 


—— 
i | 





many die per 10,000 persons. It exhibits both the 
differences with regard to risk of death at two age 
levels, and also what distortion of the risk may arise 
from reliance on crude death-rates. Table LI ex- 
hibits the overall death-rate in tuberculosis expressed 
as a percentage of the general death-rate. It also 
cites mean figures of the percentage of deaths from 
pulmonary tuberculosis out of all deaths in various 
age groups. 

Relevant comment on the contents of these tables 
will be found below. Here it suffices to emphasize 
the value of figures for cumulative risk if our aim is 
to compare statistics of different countries. 


THE NUMBER OF TUBERCULIN-POSITIVE PERSONS IN 
SWEDEN 


By making tuberculin tests it may fairly certainly 
be ascertained whether a person has ever been 
infected by tuberculosis. Different kinds of tuber- 
culin tests exist, but nowadays it is generally held 
that the Mantoux test, involving an intracutaneous 
injection of 1 mg. tuberculin, gives the best results. 
In Sweden, Mantoux tuberculin tests have now been 
carried out on a comparatively large scale thanks to 
the National Anti-Tuberculosis League. It has thus 
been possible to get some idea of the number of 
persons infected by tuberculosis in the Swedish popu- 
lation. The material comprised 11,500 individuals, 
and a statistical treatment of the data was carried out 
in the State Institute for Human Genetics and Race 
Biology. Fig. 3 (overleaf) shows that the incidence 
of tuberculin-positive reaction rapidly increases 
from school age onwards, and attains a maximum 
in the age group 40-45, by which time 98 per cent. of 
the population is Mantoux-positive. It may further 


be stated that the frequency of tuberculin-positive 
reaction seems to drop slightly in the higher age 





222 


groups, i.e. after 60 years of age. 
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interesting to note that the curve for women seems 10 “2 
to lie consistently at a slightly lower level than that r i ‘| 
for men. The difference is not large but it is 160 | y ' a 
Statistically significant throughout, and is greatest 4 
about the age of 25. 140 
yy 120 
100 
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Fic. 3.—Percentage of tuberculin-positive persons in 
different age-groups in Sweden. 


Dotted line=women. Whole line=men. 


In any case, the figures obtained show that: 
(a) almost every individual sooner or later becomes 
tuberculin-positive; (5) under the social conditions 
existent in Sweden this occurs in many instances 


Fic. 4.—Tuberculosis death-rates in Sweden, 


Dotted line = women. 


Whole line = men. 


1931-35, 


same as in Fig. 4, but the sex difference in Norway 
is more striking. Men show a higher mortality rate, 
but the tuberculosis death-rate of women still rises 




































































well on in adult life. Seemingly, no comparable = 
figures are available for other countries. If tuber- 
culin surveys have been carried out elsewhere, the 200 
numerical material does not seem to have been 
assembled in this form; but we may assume that 180 
data from other countries, if available, would follow 
a similar curve. 160 
THE SPECIFIC DEATH-RATE FROM TUBERCULOSIS AT 140 
VARIOUS AGES IN DIFFERENT COUNTRIES 

Fig. 4 shows the age distribution of the tubercu- 120 
losis death-rate in Sweden. It is high during the 
first year of life, sinks to a minimum about the age —_100 
of 5 and again increases to a maximum in the 
25-year-olds. It then drops anew to rise again, 80 
but not so much, about the age of 60. It is remark- . 
able, furthermore, that: (a) the tuberculosis death- 60 
rate apparently increases, first in women and 4 
somewhat later in men, up to the age of 25; (6) men 
have a higher mortality than women about the age / 
of 50, though the difference is not large. It should 20 
be emphasized that curves referable to different q 
decades are comparable, though the general level | PT = tk 
is higher at an earlier period. YEARS 


Fig. 5 discloses the picture for Norway in the years 
1931-35. The contour of the curves is much the 


Fic. 5.—Tuberculosis death-rates in Norway, 1931-35. 


Dotted line =women. 


Whole line=men. 
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Fic. 6.—Tuberculosis death-rates in Denmark, 1931-35. 


Dotted line = women. 





Whole line=men. 
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Fic. 7.—Tuberculosis death-rates in Finland, 1931-35. 


Dotted line women. 


Whole line=men. 


somewhat earlier. Corresponding statistics for 
Denmark (Fig. 6) differ as a whole more con- 
spicuously from those of Sweden. The mortality 
amongst women reaches its maximum about the 
age of 30, falling thereafter, while-that amongst 
men continues to rise to an advanced age. 

Finland takes an intermediate position (Fig. 7). 
The death-rate for women has the same hump 
as in the countries already discussed. The men, 
on the other hand, reach a maximum about 
the age of 25, whereupon their mortality decreases, 
to rise again as from the age of 40. Apart from 
this, the tuberculosis mortality in Finland lies on a 
far higher level than in the other Nordic countries. 

It would be merely tiresome to include tuberculosis 
mortality data for all the countries for which 
statistics are available. We therefore confine our- 
selves to those of England and Wales, Germany, 
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Fic. 8.—Tuberculosis death-rates in England and Wales, 
1936. Dotted line=women. Whole line=men. 
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Fic. 9.—Tuberculosis death-rates in Germany, 1932-36. 
Dotted line=women. Whole line=men. 











224 
Yo 
260 T r 
| | ita 
240 | 





220 —— | 
TTA 
200 t 
| 



































| 


0 10 20 30 40 +50 60 70 80 
YEARS 

Fic. 10.—Tuberculosis death-rates in France, 1931-36. 
Dotted line=women. Whole line=men. 





























France, Italy, and the U.S.A. It should be 
emphasized that the curves in Figs 8-12 are 
drawn to the same scale, and are consequently 
comparable. They all refer to the years before 
the second world war. It is remarkable that 
they lie on such different high levels. Common to 
all is the fact that mortality of women drops after 
the age of 30 while in men it continues to rise. 
In this respect, the difference between the sexes is 
most pronounced in France, and that country also 
exhibits the peculiarity that in old age male 
mortality has a downward trend. 


DISCUSSION 


Common to all the data cited, as repeatedly 
emphasized, is the more rapid rise of the death-rate 
from tuberculosis before the age of 20 in women as 
compared with men. One gains the impression that 
puberty plays a decisive part in this phenomenon. 
For as a rule puberty sets in earlier in females than 
in males. Whether or not hormonal readjustment 
taking place at this time makes any difference, or 
whether the causative factor underlying the increase 





GUNNAR DAHLBERG 


% 
140 





120}>——+- 


100 





80 


60 





40 





20 

















0 10 20 30 40 50 60 


YEARS 
Fic. 11.—Tuberculosis death-rates in Italy, 1936, 
Dotted line—=women. Whole line=men. 
Ve 





120 T T 
100f- 


80F 





60F 














YEARS | 
Fic. 12.—Tuberculosis death-ratzs in the U.S.A., 1930. | 
Dotted line=women. Whole line=men. 


is the beginning of work, it is at present impossible | 
to decide. 

A second issue worthy of comment is the difference 
between trends for men and women after the age 
of 30. In two Scandinavian countries the curve 
drops in the same way for both men and women, 
though the male decrease is less pronounced. In 
Denmark, on the other hand, the curve rises after | 
the age of 30 for men but not for women, and the 
same thing happens in the larger countries. Natur 
ally these discrepancies cannot be due to unreliable 
figures. Differences of the magnitude we af 
dealing with here can hardly have such causes. 
Nor can it be assumed that racial differences are 0 
blame. For a racial difference could scarcely affect 
the men only. 
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Fic. 13.—Tuberculosis death-rates in Stockholm, 1934-36. 
Dotted line=women. Whole line=men. 


So far as I can find, the meaning of these differ- 
ences has received little attention. A likely view 
is that they are due to a greater measure of urbaniza- 
tion in the larger countries. This I suggested in a 
a lecture to the Swedish Medical Association in 
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in Copenhagen 
1944-46. 
Whole line =men. 


Fic. 14.—Tuberculosis death-rates 


(including Frederiksberg), 
Dotted line=women. 
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Fic. 15.—Tuberculosis death-rates in rural districts of 
Denmark, 1944-46. 
Dotted line=women. Whole line=men. 
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Fic. 16.—Tuberculosis death-rates in urban centres of 


England and Wales, 1931. 
Dotted line=women. Whole line=men. 
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1943 (published 1944).. Similar views were 


propounded by Malthéte (1946). In cities men’s 
work brings them into contact with persons 
suffering from tuberculosis, so that they contract 
the disease and die to a far larger extent than 
women. Advancing industrialization naturally 
entails growing hazards of the same kind for 
women too, but not to the same degree as for 
men. If this hypothesis is correct, it should be 
possible to obtain a difference between conditions 
in Stockholm and those in other parts of Sweden. 
Fig. 13 shows that men in Stockholm do indeed 
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17.—Tuberculosis death-rates in rural districts of 
England and Wales, 1931. 
Dotted line=women. Whole line 
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conform to the continental pattern, and that in 
middle age they run far greater risks than women. 
For Denmark, one can sharply differentiate Copen- 
hagen from purely rural districts, see Figs 14 and 15, 
which also show the metropolis to be more hazard- 
ous in middle-age for men than for women. Con- 
trariwise, the countryside conforms to the curves of 
the other Scandinavian countries. We may there- 
fore state that the anomalous contour of the Danish 
curves in Fig. 6 is due to the fact that there Copen- 
hagen, far more than Stockholm in Sweden, 
dominates the picture as a whole. 

As regards the death-rate from tuberculosis in other 
countries, separate figures for town and country 
have been obtainable only for England and Wales 
(Figs 16 and 17). There the sex difference is far 
greater in the larger cities than in more rural 
districts, though no figures are available for purely 
rural districts. 

All our assembled data consequently support the 
hypothesis that infection at the place of work in 
adult life is of decisive importance for the death-rate 
among men of middle-age. 

In this connexion, it is tempting to take a further 
step by asking whether such infections are to be 
considered as first or subsequent infections. The 
graph of Fig. 3 has some relevance to this issue. 
In present-day Sweden almost everybody will be 
infected sooner or later. In a metropolitan popula- 
tion one may surmise that the tuberculin-positive 
reaction curve will rise more rapidly than in Sweden. 
If so, reinfections should play a not unimportant 
part, and the majority of those who die after 
adolescence should have been infected already at an 
earlier age. The importance of reinfections has 
now been the object of discussion for many decades 
without agreement or decisive proof, and at different 
times diverse opinions have been more or less 
fashionable. Though the data under discussion 
may not be wholly conclusive, it is suggested that 
reinfections in adult life are of greater importance 
than has hitherto been thought likely in many 
quarters. 

Different levels of the tuberculosis death-rate in 
different countries prompt us to examine the 
following conceivable possibilities: 

1. The character of the pathogenic organism 
may be different in different countries. However, 
there are no data indicating that the virulence is not 
the same. Accordingly it is not profitable to discuss 
this possibility, albeit we cannot with certainty 
exclude it. 

2. The chance of being infected is more or less 
likely in various countries. That differences may 
exist in this respect is shown, for instance, by this 
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investigation. Improved communications, increaseq 
industrialization, etc., are naturally accompanied by 
more numerous human contacts. Cleanliness anq 
hygiene may lie on different levels. It would seem 
to be doubtful, however, if differences of this king 
can provide the whole explanation. 

3. The vital resistance of different peoples may 
be unequal. This resistance is to some exten} 
dependent on nutritional status. As nutrition goes 
down susceptibility goes up. This is shown, for 
example, by higher mortality from tuberculosis a 
the end of the first world war in Germany and 
France. It is difficult, however, to trace any 
parallelism between the figures given here and the 
standard of nutrition in various countries. To le 
sure, the vital resistance of a population may also 
be genetically determined, but we do not know why 
the genetical composition should in this respect be 
different in different countries. 

It is a fact that the death-rate from tuberculosis has 
of late decreased. In Sweden, for example, in the 
towns it was 2-8 per thousand in 1890, and in the 
whole country it was 1-6 per thousand in 1910, 
1:03 per thousand in 1930, and 0-49 per thousand 
in 1945. The decrease seems to have been almost 
linear, and it is noteworthy that the death-rate started 
to decrease before the new treatments and sanatoria 
could possibly have had any effect. Even if these 
subsequently contributed to the decrease, it is 
difficult to estimate their role; the physician is 
perhaps inclined to overestimate their importance 
and, besides these, two other factors remain to be 
discussed. 

One is the effect of selection; individuals who con- 
tract tuberculosis in a more severe form and should 
therefore as a rule be particularly susceptible to 
tuberculosis often fall ill and die comparatively 
early, being thereby prevented from procreation. 
This implies that, in so far as tuberculosis is depen- 
dent on genetical factors, the latter are subject to 
selection. Such a mechanism undoubtedly exists, 
but the recognition of its existence leaves unanswered 
the question: how great is its effect ? In principle, 
it is safe to say that had the disease been relatively 
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common for several centuries, selection would have | 


had time to exert its main influence long ago. For 


selection, of course, is most effective in the beginning. | 


When, as a result of it, the frequency of the relevant 
genes decreases, its effect becomes progressively 
smaller and eventually insignificant. In this respect, 
it is difficult to say anything definite about tubercu- 
losis. We know that the disease has existed for 
a very long time; but we know nothing of its 
prevalence in bygone days when it could not even 
be diagnosed with satisfactory certainty. 
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A second mechanism, however, that is certainly 
of importance, and particularly during recent 
centuries, is the break up of isolates (Dahlberg, 
1948). If susceptibility to tuberculosis is con- 
ditioned by recessive genes, the break up of isolates 
should cause the disease to become more infrequent, 
since the frequency of allelic genes in duplicate doses 
thereby decreases. Another way of expressing the 
same thing is to say that the break up of isolates 
decreases the frequency of consanguineous mar- 
riages, and thereby also the frequency of homo- 
zygotes. 

Such a mechanism must clearly have played some 
part, particularly in countries with a more highly 
developed and extensive industry where cities have 
grown at the expense of the rural population. 
Therefore, it seems natural that England should have 
a lower tuberculosis mortality than Sweden and 
Norway, regardless of whether English anti- 
tuberculosis measures are superior or not. Con- 
versely, the high Finnish death-rate from tuberculosis 
has probably something to do with less extensive 
break up of isolates in Finland than in other 
countries, though less developed preventive measures 
and care for the patients may also make a difference. 
Denmark’s low tuberculosis death-rate is probably 
due to the fact that the one large isolate, the capital 
Copenhagen, includes the majority of the population. 
In the U.S.A. the low mortality from the disease is 
consistent with the same view, since the population 
is so largely composed of immigrants, while a 
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comparatively high tuberculosis death-rate among 
Frenchmen is consistent with their strong family 
bonds. To a fairly large extent marriages are there 
arranged by the parents, and the frequency of 
marriages between cousins is unusually high by 
comparison with other countries of western Europe. 
In other words, the break up of isolates has probably 
been less drastic in France than in other civilized 
countries during the last half-century. 

It seems that many data fit in with the theory 
suggested by the author, and that the break up of 
isolates must have had at least some importance for 
the lowering of the tuberculosis death-rate in recent 
times. Within Sweden itself, we find signs of the 
effect of the break up of isolates. For mortality 
from tuberculosis is highest in the northern parts 
of the country where the isolates are small and 
comparatively well defined. It is lowest, on the 
other hand, in central and southern Sweden where 
isolates are larger and patients better cared for. 
If the break up of isolates affects tuberculosis 
mortality, it should also affect general mortality in 
so far as the latter is genetically conditioned. 
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ABO INCOMPATIBILITY BETWEEN HUSBAND AND WIFE 
AND ITS RELATION TO Rh IMMUNIZATION 


BY 


R. H. MALONE 
From the Regional Transfusion Centre, Sheffield 


During the past 24 years the blood of 74,240 
pregnant women has been examined in this centre 
for the presence of erythrocyte antigens and anti- 
bodies. It is the practice to determine the Land- 
steiner blood group and Rh genotype of the husbands 
of all women with Rh antibodies and, in the case 
of some antenatal clinics, those of all Rh-negative 
women whether Rh antibodies have been detected 
or not. The present series comprises 3,079 married 
couples, the wives being Rh-negative (C, D, and E 
negative) with one or more pregnancies, and the 
husbands Rh-positive (D positive). None of the 
wives has given a history of previous transfusion or 
intramuscular injection of blood. 

The distribution of the blood groups in this 
population of 6,158 persons is shown in Table I, 
and the matings are set out in Table II. 

In this series of 3,079 couples, there were 373 
wives whose serum contained Rh antibodies, and 














2,706 without Rh antibodies. The distribution of 
the blood groups in these matings is shown in 
Table II. 

Where Rh antibodies are absent the distribution 
of the blood groups of both husbands and wives 
approximates to that of a random population, but 
where Rh antibodies are present there is an excess 
of Group O and a deficiency of Group A, B, and 
AB husbands, the position being reversed in the 
case of the wives. This suggests that where immun- 
ization of the wife against the A or B factor is 
possible, owing to the presence of either of these 
factors in the husband and its absence in the wife, 
the chances of Rh immunization are reduced, but 
that where this is not possible the chances are 
increased (Table [V). 


TABLE II 
HUSBANDS AND WIVES DISTRIBUTED BY 
BLooD GROUPS 


MATINGS OF 





















































D bapa ; G Husband’s Wife’s Group 
ISTRIBUTION OF BLOOD GROUPS — ‘ , 
A B AB Total; % 
Group Number Percentage of — 
Total O 629 631 119 48 1,427 | 46:3 
_ —— A 558 615 107 38 1,318 | 42:8 
O 2,767 44-9 B 120 100 + 25 Y 254 8:3 
A 2,705 43-9 AB 33 41 4 2 80 2:6 
B 509 8-3 — 
AB 177 2-9 Total 1,340 1,387 255 97 3,079; — 
All Groups 6,158 100-0 ary 43-5 45-1 83 3-1 — 1000 
TABLE III 
Rh-PosITIVE HUSBANDS X Rh-NEGATIVE WIVES 
Husband’s Wife’s Group (Rh antibodies present) Wife’s Group (Rh antibodies absent) 
Group — leer 
Oo A B AB Total % O A B AB Total % 
o | 83 | 102 17 10 = -.212 56-9| 546 530 102 38 «1,216 45-0 
A 4] 81 11 4 137 36-7 517 534 96 34 1,181 43-6 
B 10 5 4 0 19 5:1 110 95 21 4 239 8:7 
AB 0 3 1 1 5 1-3 34 36 3 1 74 27 
Total | 134 | 191 33 1s 373 1,207 1,195 |222 82 2706 — 
% 35-9| 51-2, 89. 40 — | 100-0] 44-6 44-2 82! 3:0 — | 1000 
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TABLE IV 
VIFE A OR B IMMUNIZATION 
POSSIBLE Not POoOssIBLe 
— Rh antibodies Rh antibodies 
Husband x Wife . Husband x Wife 
Present | Absent Total Present Absent Total 
AxO 41 | 517 558 OxO 83 546 629 
AxB 1] 96 107 OxA 102 530 632 
we Bx O 10 =| 110 120 OxB 17 102 119 
—— of BX A 5 | 95 100 O x AB 10 38 48 
snown in AB x O 0 | 34 34 AXA 81 534 615 
ABxA 3 | 36 39 A < AB 4 34 38 
listribution AB x B I | 3 4 : x a 4 21 25 
and wives | AB x AB ' 1 2 
lation, but 
; AN excess Total 71 =| 891 962 Total 302 1,815 2,117 
A. oe 0 4 92-6 00-0 0 | ies ’ 5 
sed ih te b “ae , 14-: 85-7 100-0 
re immun- 
} factor is ; 
: The same facts may also be expressed in the form TABLE VI 
r of these ; 
1 the wik of a four-fold table (Table V), showing the FINDINGS OF VARIOUS WORKERS 
mer" but number of wives with and without antibodies. 
anid pe Here the figures in brackets represent the Matings 
expected numbers, on the hypothesis that Rh 
immunization is unrelated to the ABO system. No. of Cases ABO _ ABO 
The percentage difference in the incidence of Rh Workers | Pn o Compatibility ore 
IBUTED BY — antibodies between (a) and (6) is 6-9 and the | , - - 
standard error of the difference 1-27; when the 
y’ test is applied, P= <0-001. Bessis a 48 89-5 10-5 
Levine al 215 75 25 
poe TABLE V Race | 247 84 16 
tal) % WIVES WITH AND WITHOUT ANTIBODIES Wiener - | 96 71 29 
7, Broman_. ' 33 81 19 
27 | 46:3 eur oo Van Loghem| 240 87 13 
18 | 42:8 Immuniza- Rh antibodies % of wives | 
54833 tion to the Total with Rh 
80 2:6 — AorBfactor Present Absent antibodies 
19| — | @Possible 71 891 962 7-4 CONCLUSIONS 
Mai 100-0 (117) (846) Examination of the blood of 3,079 married 
(b) Not pos- 302 1,815 2,117 14:3 couples shows that there is a significant difference 
sible (257) (1,859) in the incidence of Rh antibodies amongst Rh-nega- 
— _ cgay 3 tive women mated with Rh-positive men, the 
- 37: 2,706 3,079 incidence being much lower where A or B 
‘** incompatibility’ between husband and wife 
nt) Levine and Wong observed this phenomenon in exists than where it does not. 
Ton 1943, and more recently Van Loghem and Spaander Where immunization to the A or B factor is 
___* (1948) have published a summary of their observa- possible on account of blood group “ incom- 
45-0 tions and those of other workers (Table V1). patibility *’ between husband and wife, the proba- 
} In the present series of 373 cases with Rh anti- bility of Rh immunization is greatly reduced. 
2-7 bodies, 81-0 per cent. occurred in ‘“‘ compatible ’ 
____— | and 19-0 per cent. in ‘‘ incompatible’ matings 
“oa : P : d REFERENCES 
~ whilst in the 2,706 cases without Rh antibodies the . on 
mo corresponding figures are 67-1 per cent. and 32-9 wae “se = H. (1943). Amer. J. stet. 
per cent., which approximate closely to the propor- yan Loghem, J. J., and Spaander, J. (1948). Rev. 
nl 








tions expected in a random population. 


Hemat., 3, 276. 
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The Question of Establishing United Nations Research 
Laboratories. U.N. Dept. of Social Affairs, Lake 
Success. 1949. (Available from H.M.S.O.) Pp. 290. 
(10s.) 


In October, 1946, the French delegation to the Econo- 
mic and Social Council of the U.N. submitted a draft 
resolution which pointed out that a number of research 
activities can only be carried out in an efficient manner 
on an international scale, and suggested that an inquiry 
should be made into the problem of establishing U.N. 
research laboratories. Accordingly the Secretary-Gen- 
eral sent out several hundred letters to various organiza- 
tions and prominent scientists seeking their opinions on 
the general principle of U.N. research laboratories. 

This report contains a summary of the opinions given 
(28 pages) and annexes containing individual memoranda 
and reports (257 pages). In brief, there was a widespread 
opinion that it would be proper for the U.N. to establish 
research laboratories and that astronomy, meteorology, 
geophysics, infectious diseases, nutrition (especially in 
relation to agriculture), and the social sciences (especially 
social psychology), among others, would be proper 
activities for such international laboratories. Although 
the principle has been widely accepted as sound, many 
practical difficulties confront those who would attempt 
to set up such international laboratories and some of 
these are set out in the annexes. The problem of finding 
suitable staffs would be very difficult, especially in view 
of the fact that in all countries of the world national and 
university laboratories suffer from a scarcity of trained 
and experienced research workers. If U.N. laboratories 
are set up, it is clear that they must be on a small scale 
if they are not to reduce seriously the efficiency of other 
organizations. At the start it might be proper for a large 
proportion of their time and resources to be devoted to 
the training of research workers and thereby to the 
creation of their own special staffs. A large research 
programme without a corresponding teaching and 


training programme could cnly further disturb the 
balance between the demand and the supply of trained 
scientists. R. Passmore 


Mongolism (Peristatic Amentia). By M. ENGLER, MD. 
1949. John Wright, Bristol. Pp. 208+-viii, 2 
plates, 12 figs., 24 tables. (21s.) 


Perhaps the most interesting and useful part of this 
monograph is that containing the author’s own observa. 
tions on the physical and mental peculiarities of his 
mongolian patients. This is supplemented by a com. 
prehensive review of the pathology of the condition, 
collected from the literature, and lavishly illustrated by 
photographs, figures and tables. In addition, the author 
has tried to produce a summary of all that has been 
published on the subject, and an attempt to show that 
there can be only one explanation. The italics are his, 
His aetiological chapter is the least satisfying. He passes 
in review all the hitherto suggested theories of causation, 
and shows that they rest on very flimsy foundations, 
He accepts the high correlation between incidence and 
advanced age in the mother, and produces additional 
evidence from his own cases. His conclusion is that 
mongolian idiocy is produced by the implantation of a 
normal ovum in a diseased uterine mucosa. This seems 
to be littlke more than another way of saying that the 
older the mother, the more likely is the child to bea 
mongol. It would be better to say frankly that the 
aetiology is unknown. 

Dr. Engler regards the traditional appelation, mongo- 
lian idiot, as incorrect and misleading, and unworthy of 
our race, and suggests “ peristatic amentia”. By 
peristasis, he understands the total of all harmful factors 
acting on the ovary and the uterus. A new name 
would have a much greater chance of acceptance if it 
were more colourful and less suggestive of an unproven 
aetiological theory. 

B. Woolf 


Owing to the steadily increasing cost of production, it has been found necessary to 
raise the price of the BRITISH JOURNAL OF SOCIAL MEDICINE, beginning with the first 
issue of 1950. The yearly subscription will then be 30s. (U.S.A. $5). Single copies 


remain at 7s. 6d. each. 


Correction for Vol. 3, No. 4, p. 230. 
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ABSTRACTS 


(This section of the JOURNAL is devoted to selected abstracts of articles on social medicine appearing in the current 


literature. 


The section will be edited in collaboration with the two abstracting Journals, Abstracts of World Medicine, 


and Abstracts of Surgery, Obstetrics and Gynaecology.) 


Problems of Ageing and Chronic Sickness. THOMSON, 


A. P. (1949). Brit. med. J., 2, 243. 


This is the first of two Lumleian Lectures delivered 
before the Royal College of Physicians of London. 

In the Birmingham Hospital Region of 4,200,000 
people, 45 per cent. of the 12,740 general medical and 
surgical beds are reserved for the aged and chronic sick. 
The buildings housing them are old and ill equipped. 
For every 100 *‘ chronic”’ beds, 61 people (excluding 
medical and laboratory staff) are employed. 

The lecture is based on work carried out at the Western 
Road Infirmary in Birmingham—the largest of these 
institutions. Only five medical officers were available for 
the 1,450 patients, 1,000 of whom were bedridden, as well 
as for the work of a large venereal diseases clinic and 
a small maternity unit. Yet diagnosis and treatment 
were of a high order, though case records were poor. 
Rehabilitation services, occupational therapy, and 
physiotherapy were not provided. Although only 226 
nurses were available and 457 of the patients were 
incontinent, the general cleanliness of the wards and the 
condition of the inmates profoundly impressed the 
author, who pays high tribute to the nursing staff. He 
comes to the gloomy conclusion that most of the present 
inmates could never be improved sufficiently to return to 
their own homes. The reasons are: (1) absence of 
therapy for degenerative and genetic diseases; (2) 
incontinence, and contractures and foot deformities 
induced by neglect and long confinement to bed; (3) 
profound personality deterioration consequent on long 
hebetude. 

Records of 714 patients were analysed, of whom 318 
were men and 396 women. Their average ages were 74 
and 76 respectively; 49 per cent. of the males and 60 per 
cent. of the females were bedridden. Only 56 men and 
13 women were fit enough to be allowed out. Of the 
394 bedridden patients 95 per cent. were judged to be 
beyond all hope of rehabilitation. Only 15 per cent. had 
been investigated in a general hospital before their 
admission to the institution. Of all patients, 25 per cent. 
were certifiable as insane, and no less than 71 per cent. 
were mentally abnormal. Much of this psychiatric 
disorder is due to the institutional atmosphere. As 
regards status, 20 per cent. of the men and 16 per cent. of 
the women were single; 22 per cent. of males and 11 per 
cent. of females were married with spouses still alive. 
Widowers constituted 58 per cent. and widows 73 per 
cent.—figures significantly higher than those for the same 
age groups in the general population, from which it is 
inferred that the risk of married people ending their days 
_ an infirmary is lower so long as the partner remains 
alive, 

The mean duration of stay was 34 months for males and 
37 months for females. An analysis of the fate of the 
2,478 patients admitted in 1946 revealed the following: 
(1) 32 per cent. died within 4 months, and a further 7-9 
per cent. within 2 years; (2) 47-1 per cent. were dis- 
charged in less than 4 months, and a further 7-9 per cent. 


within 2 years; (3) only 5 per cent. remained in hospital 
2 years after admission. Of this residual 5 per cent. the 
ratio of men to women was | to 3, although the ratio 
on admission was approximately 3 to 2. Men are 
admitted at an earlier age than women. Of 958 deaths in 
1948, 68 per cent. had occurred within 100 days of 
admission. Comparison of the discharge rate with the 
Orsett Lodge Hospital figures (Cosin, Proc. R. Soc. Med., 
1948, 41, 333) suggests that, in discharging an elderly 
patient, home conditions play a greater part than 
physiotherapy. No less than 37 per cent. of admissions 
were for social and not medical reasons—lending support 
to Brooke’s suggestion (Lancet, 1949, 1, 462) that social 
services be organized by the hospital to care for the 
elderly in their homes. Of the patients, 33 per cent. were 
unwilling to leave the infirmary under any circumstances, 
and the degree of unwillingness was proportional to their 
length of stay; of those admitted within 3 months, 
two-thirds were eager to go home, but only one-third after 
4 years’ stay. As many as 57 per cent. had no home to 
receive them, and of those with a home available 56 per 
cent. would be compelled to live completely alone or 
deserted for long periods. During the first 3 months 
about two-thirds have a home to go to, but after 4 years’ 
stay three out of four homes have disintegrated— 
** manifestly the cohesion of the homes of the elderly is 
fragile”. 

The rest of the lecture is a reasoned argument con- 
cluding that people should be encouraged to tend their 
sick and elderly at home. The aim should be to reduce 
the demand for institutional care, which, however, should 
always be readily available. P. D. Bedford 


Medical Resurvey of Nutrition in Newfoundland, 1948. 
AYKROYD, W. R., SEBRELL, W. H., JOLLIFFE, N., 
SHANK, R. E., Lowry, O. H., WILDER, R. M., TISDALL, 
F. F., Moore, P. E., and ZAMECNIK, P. C. (1949). 
Canad. med. Ass. J., 60, 329. 


In 1944 a nutritional survey of the people of New- 
foundland was carried out by a group of physicians. 
The same group [without four of the original members 
and with two newcomers] surveyed in 1948 the same 
number of subjects (868), including 227 individuals who 
had been examined in 1944; the present publication 
{which has no summary] describes the results. 

Between the two surveys the wealth of the inhabitants 
had greatly increased, and specific efforts to improve 
nutrition—such as addition of three members of the 
vitamin B complex to bread, distribution of cod-liver oil 
and orange juice, and an educational programme—were 
made. There was a striking reduction in infant mortality 
and stillbirth rates. 

In general there was a lowered incidence of the clinical 
signs recorded, but there was an increased incidence of 
the following: perifolliculosis, red hyperaemic gums, 
swollen gums, severe active caries [despite fortification of 
bread with calcium and distribution of cod-liver oil], 
marked or complete loss of teeth, loss of vibratory sense 
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in toes. [The authors fall into error over perifolliculosis, 
which they correctly describe as “ proliferation and 
engorgement of capillaries around hair follicles’’ but 
then confuse with follicular hyperkeratosis when they 
twice quote three groups of authors as suggesting that 
deficiency of ascorbic acid may produce the lesion.] 
Estimations of five blood constituents and two urinary 
constituents were carried out on nearly half the subjects 
chosen at random, including 30 per cent. of the subjects 
examined in both the 1944 and 1948 surveys. There was 
little change between the two surveys in haemoglobin 
values or levels in serum of protein or alkaline phos- 
phatase [which is difficult to assess because the figures 
were analysed under different age-groups in 1944 and 
1948], a slight fall in ascorbic acid level, an increase in 
vitamin A concentration, and an increased excretion of 
aneurin and riboflavin. [Confidence in the biochemical 
results is not inspired by the inaccurate way in which they 
are presented. Comparison of the results for 1944 as 
published previously and as repeated in the present paper 
reveals discrepancies: seven of the nine figures for 
haemoglobin do not agree, and in the present results the 
sum of 258 and 117 is given as 385.] H. M. Sinclair 


Simultaneous Surveys of Food Consumption in Various 
Camps of the United States Army. Scnor, H. C., 
and Swain, H. L. (1949). J. Nutrit., 38, 51. 
Between May 22 and 28, 1945, 44 Army messes, 

chosen as representative of the Army in the United 
States, were subjected to food consumption surveys. 
Kitchen waste and plate waste were segregated by food 
groups, but no attempt was made to determine the 
amount of food consumed outside messes. Only 5 per 
cent. of the food issued to messes was wasted. Despite 
the omission of food consumed outside messes, the 
dietary allowances of the National Research Council 
were amply met. There appeared to be no correlation 
between caloric intake and bodily activity, environmental 
temperature, and altitude. H. M. Sinclair 


Food Consumption of Soldiers in a Subarctic Climate 
(Fort Churchill, Manitoba, Canada, 1947-1948). 
SwalINn, H. L., Toru, F. M., ConsoLazio, F. C., 
Fitzpatrick, W. H., ALLEN, D. I., and Koenn, C. J. 
(1949). J. Nutrit., 38, 63. 

The voluntary consumption of garrison troops at 
Fort Churchill was estimated during three 10-day periods 
in the winter of 1947-48. The location was chosen 
because it has about the highest wind-chill value of any 
inhabited area. The troops spent about 3 hours daily 
in the open. Food consumed in messes was recorded, 
and kitchen waste and plate waste were weighed. An 
attempt was made to estimate canteen food. An 
abundant ration of fresh and frozen food was provided, 
averaging 5,500 Calories per man per day. All nutrient 
intakes equalled or exceeded the recommended allowances 
of the National Research Council for an active man. 
Continuous weight records of a small number of men 
showed a slight mean rise during the period. 

The important conclusions of this interesting study are: 
(1) the caloric intake was inversely correlated with the 
mean environmental temperature; (2) the caloric intake 
was directly correlated with the mean wind-chill; (3) 
there was no preference for fats in the subarctic climate; 
the percentages of Calories provided by protein, fat, and 
carbohydrate were about the same as those in temperate 
climates, being respectively 13, 40, and 47 per cent. 
[the last two figures appear to be given wrongly in the 
summary as 41 and 46]. 





ABSTRACTS 


It seems that troops regulate their food intake jp 
relation to the severity of the weather, but that their 
appetite for particular foods is not altered. H. M. Sinclair 


Epidemic Typhus in Southwestern Arabia. Pera 
P. W. R. (1949). Amer. J. trop. Med., 29,501.’ 


An outbreak of typhus is described which occurred in 
the Yemen in 1940 and continued in some districts of 


‘south-western Arabia up to 1946. Typhus has not 


previously been reported in Arabia. It is possible that it 
had been smouldering there for years or even centuries: 
the author himself saw some suggestive cases and also 
some relapsing fever in 1937 and 1938; on the other hand, 
the infection may have reached the Yemen recently from 
Ethiopia. The outbreak originated in San’a, the capital, 
where a British medical mission worked up to the autumn 
of 1943. There was a grave risk of spread into Aden via 
the ancient Jewish community of San’a, of which many 
members trekked westward in 1943 and 1944, encouraged 
by rumours that Palestine would welcome them as 
immigrants; stringent quarantine measures had to be 
initiated for them. Aden was further threatened by the 
spread along the three trade routes from the Yemen, 
across the Western Aden Protectorate, and it was decided 
to shut the colony off by a “ cordon sanitaire” along 
which dusting stations were established. 

The author describes the great difficulties encountered 
in the execution of preventive measures, through the 
inaccessibility of some of the infested areas as well as 
through the lack of co-operation shown by some local 
rulers. He stresses the need for continued watchfulness, 
and for a long-term programme of prophylaxis. 

W. G. Harding 


A Contribution to the Epidemiology of Poliomyelitis in 
New Zealand. TuHompson, A. W. S. (1949). J. Hyg., 
Camb., 47, 79. 


The author describes a field investigation into an out- 
break of poliomyelitis in the central district of Auckland, 
in which 142 cases occurred between October, 1947, and 
March, 1948; particular attention was given to the 
occurrence of related minor illness among the household 
contacts of 40 positive cases and in other persons in the 
neighbourhood,:as compared with that among indi- 
viduals in a comparatively unaffected control area of 
similar social and economic type (about 300 houses with 
1,100 occupants were visited in test and in control areas); 
the ‘* minor illness ” accepted as related was characterized 
by one or more of the following symptoms: fever, head- 
ache, sore throat, vomiting, diarrhoea, and sometimes 
pains in abdomen and neck. In the homes of positive 
cases, these “* suspect illnesses” in contacts were found 
to bear a close inverse relation to the positive cases in the 
same age and sex groups. The monthly incidence of such 
‘* suspect illnesses” varied with the incidence of polio- 
myelitis in the over-all ratio of 300 to 1, but even at the 
height of the epidemic only about 22 per cent. of the most 
heavily attacked male age-group (5 to 10 years) were 
affected. Findings are listed which suggest that escape 
from attack is not primarily due to immunity gained ina 
previous epidemic [this view is in accordance with the 


findings in a recent study of the age-distribution of 


poliomyelitis in successive epidemics in New York i 
1934, 1935, and 1944]. 

Other points established were that the “ suspect 
illnesses ’’ increased in number before the epidemic; 
that there was no spread from any particular focus, 
that a high proportion (50 per cent. of males 10 to 15 
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years old, and of females 5 to 10 years old) of the house- 
hold contacts of positive cases had a “ suspect illness ” 
during the period of observation; and that these ‘* sus- 
pect illnesses ” in the general population followed the 
poliomyelitis pattern in age and sex incidence. Attention 
is drawn to the fact that threadworm infestation and 
poliomyelitis have a similar age and sex incidence and to 
the ready recovery of threadworm ova from the dust of 
infested households: a reminder is given that the virus 
of poliomyelitis is excreted in the faeces, and it is 
suggested that indoor dust spread, in schools in particular, 
may touch off an epidemic in a population ripening for it. 
The author is impressed by the important role which his 
findings suggest is played by the older schoolboy in 
spreading infection. He stresses the likelihood that 
faecal organisms, rather than droplet infection, are of 
major importance in propagating the disease and 
emphasizes the supreme importance of personal hygiene 
among the general measures of control, coupled with the 
avoidance in epidemic times of all functions at which 
children assemble, use closets in common, and take 
food together. F. T. H. Wood 


The Epidemiology of Poliomyelitis with Particular 
Reference to the County of Dorset and the 1947 
Epidemic. GILLORAN, I. L. (1949). Med. Offr., 81, 
255. 

This paper gives a description of the past history of 
poliomyelitis in Dorset, with details of experience in the 
county in 1947. An account is quoted of an outbreak 
at Wimborne and in the Beaminster rural district in 1914 
when sixteen persons appear to have been attacked. 
Since 1914 the disease does not seem to have aroused 
comment so far as Dorset is concerned, though 21 cases 
were notified in 1945. In 1947 there were three notifica- 
tions in January and two early in June, but the epidemic 
really began with five cases (one fatal) in a preparatory 
school in the Wareham Rural District which occurred 
between June 29 and July 4. Altogether there were 
65 cases in the county (attack rate 25 per 100,000), 43 of 
which occurred in the Poole, Wimborne, and Blandford 
areas. The first case in Blandford occurred on August 1 
ina boy aged 34 whose brother, aged 13, returned home 
from the school mentioned above on July 26; this boy 
had not been ill at school. There were four more cases 
in Blandford between August 21 and 28. A follow-up 
study of 60 of the 65 patients showed that 25 (41-6 per 
cent.) had no paralysis, nine (15 per cent.) had slight 
paralysis, 21 (35 per cent.) had permanent paralysis, and 
five (8-3 per cent.) died. The epidemiology of the 
disease is discussed in general terms. 

[A small outbreak of poliomyelitis at the village of 
Cerne Abbas, Dorset, in 1910 was described by Farrar 
in Reports to the Local Government Board on Public 
Health and Medical Subjects (New Series), No. 61, 1912. 
This outbreak is of some interest as it was one of the 
earliest to be described in Great Britain and was remark- 
able for a very high attack rate—15 paralytic cases in a 
small village, with multiple attacks in three households. 
There were three cases in one household, and two in each 
of two others:] A. H. Gale 


The Enigma of Notified Dysentery. II. Gover, J. A. 

(1949). Mon. Bull. Min. Hlth, 8, 138. 

In a previous paper (Mon. Bull. Min. Hith, 1947, 6, 46) 
the author reviewed the incidence of dysentery as 
measured by notifications in England and Wales between 
1925 and 1946. He called attention to the enormous 
increase in notification which began in 1925, proceeded 


slowly for 11 years, and then, with three major bounds in 
1937, 1941, and 1944, rose to a peak of 16,278 in 1945— 
an incidence 47 times as great as in 1925, the year of the 
fewest notifications since the war of 1914-18. It was 
significant that this enormous increase in notification 
had been accompanied by but a trivial increase in deaths, 
which numbered 135 in 1925 and 165 in 1945. 

In the present paper he records that after the great peak 
of notifications in 1945 there was a decline in 1946 to the 
nadir in 1947, since when there has been a rise. He 
tabulates the frequency with which organisms causing 
bacillary dysentery were isolated by the Public Health 
Laboratory Service during the period 1945-48, and 
concludes that the fluctuation in incidence, manifested as 
two waves separated by a trough, was due to Sonne 
dysentery, although Flexner infection had shown a 
somewhat similar contemporary variation on a much 
smaller scale. 

Several remarkable features are reported. For 
example, male infants and young boys showed higher 
attack rates and much higher case mortality rates from 
dysentery than did female infants and young girls, 
whereas in the aged these sex ratios were reversed. 
The geographical distribution of notifications was 
remarkable. For example, during the peak year five 
Welsh counties returned no notifications and only one 
case was notified between the five counties in the follow- 
ing year. After 1941 London had a higher attack rate 
than the rest of England, and Lancashire also had a high 
incidence. On the whole, rural districts had higher rates 
than English county and non-county boroughs and urban 
districts. The scattered distribution of short localized 
dysentery epidemics appeared to be haphazard. The 
author is unable to offer any explanation of these varia- 
tions. The environmental and material factors which in 
his earlier paper he had tentatively suggested as possible 
causes seem no longer to serve as even a partial explana- 
tion, because they have remained, for the most part, 
unchanged throughout. W. H. Bradley 


Filariasis Control by DDT Residual House Spraying, 
Saint Croix, Virgin Islands. I. Operational Aspects. 
Kouier, C. E. (1949). Publ. Hith Rep., Wash., 
64, 857. 


Whereas the literature concerning the control of ano- 
phelines by residual spraying with DDT is extensive, 
that concerning control of culicines by similar means is 
scanty and the author’s account of an attempt to control 
Culex quinquefasciatus, the local vector of Wuchereria 
bancrofti in the Caribbean region, appears to be the 
first of its kind to be published. 

The work was carried out on the island of St. Croix, 
Virgin Islands, the population of which in 1940 was 
12,902. In 1946, surveys shoved that W. bancrofti 
larvae were present in the blood of 13-3 per cent. of 1,311 
school children examined, while concurrent mosquito 
surveys revealed that 7-9 per cent. of 2,244 specimens of 
C. quinquefasciatus and 2-3 per cent. of 867 specimens of 
Aédes aegypti were infected. This high filarial infection 
rate in the human and insect populations was associated 
with a low economic standard of living amongst the 
inhabitants of St. Croix, where piped water supplies to 
dwellings were rare, and where in 94 per cent. of the 
houses water was stored in cisterns and miscellaneous 
containers. Only 5 per cent. of the population used 
flush-down closets and C. quinquefasciatus was found 
breeding in the polluted water in the privies as well as in 
the stored water already referred to. In October, 1946, 
a DDT-spraying programme was instituted and during 
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the period October, 1946, to June, 1948, four sprayings 
were carried out, the number of houses sprayed on each 
occasion varying from 2,530 to 2,934. The most satis- 
factory spray used was a 25 per cent. emulsion of DDT 
in xylene with “ triton X—100” as emulsifier, diluted to 
5 per cent. with water. Walls, ceilings, porches, and 
privies of living quarters and schools were sprayed to 
give 200 mg. of DDT per sq. ft. (2-15 g. persq.m.). The 
author recommends that in the future two complete 
sprayings should be carried out each year by a spray crew 
consisting of one foreman and two sprayers. 


II. Results. Brown, H. W., and WILLIAMs, R. W. 
(1949). Publ. Hith Rep., Wash., 64, 863. 


The second paper deals with the results of the filariasis 
control measures described above. The original inten- 
tion was to observe the results over a period of 5 to 
10 years, but after 2 years of the spraying programme 
control of filariasis through the treatment of every 
individual on the island was instituted by another 
research group, and it was considered impossible to 
continue to assess the effect of DDT residual spraying 
alone. The authors’ estimate of the effectiveness of the 
campaign rests on mosquito surveys and on nocturnal 
blood surveys of the school population made before and 
after the 2 years of spraying. A vigorous campaign 
against anophelines undertaken in 1934 had virtually 
eliminated malaria transmission, and only two species 
of mosquitoes, Culex quinquefasciatus and Aédes aegypti, 
were found. The mosquitoes were collected in houses 
by means of an aspirator, brought to the laboratory, 
dissected and examined for the presence of filariae, 
larvae found in the head and proboscis being classed as 
infective. The authors discuss the possibility that the 
filariae found in the mosquitoes might have been derived 
from some other source than the human population, 
and reach the conclusion that it is reasonably safe to 
assume that the larvae encountered were those of 
Wuchereria bancrofti. Whereas of the 2,244 C. quinque- 
fasciatus caught in the houses in 1946 7-9 per cent. were 
infected and 0-4 per cent. contained infective forms, in 
1948, after the sprayings, only 846 C. quinquefasciatus 
were collected, of which 3-65 per cent. contained develop- 
ing forms, none of which had reached the infective stage. 
The authors suggest that this mosquito does not live long 
enough in the presence of DDT for the complete develop- 
ment of the microfilariae to the infective form. 

Of the 1,311 children examined in 1946, 13-3 per cent. 
were found to harbour microfilariae; after 21 months of 
DDT spraying 961 children were examined, with an 
infection rate of 10-6 per cent. 

The authors discuss in considerable detail the signifi- 
cance of these findings and of the mosquito survey already 
described [and their paper should be consulted in the 
original by those interested]. They summarize their 
results as follows: ‘“(1) The population of Culex 
quinquefasciatus, the vector of filariasis, was reduced by 
approximately 50 per cent. in the houses. (2) The 
number of houses in which C. quinquefasciatus could be 
found was reduced by 57 per cent. (3) There was a 
50 per cent. reduction of C. quinquefasciatus containing 
forms of W. bancrofti which had advanced in develop- 
ment beyond the ex-sheathing of the microfilariae. 
(4) Before the spray program, 0-40 per cent. of all 
C. quinquefasciatus examined harbored infective stages 
of W. bancrofti. After the spray program, not a single 
infective-stage larva was found in any mosquito. (5) 
Aédes aegypti was completely eliminated from the houses. 
(6) The W. bancrofti infection rate in school children 
dropped from 13-3 per cent. to 10-6 per cent. during the 
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spray program, and the average microfilaria count felj 
from 74-1 per 0-04 ml. of blood to 45-8. The differences 
are not quite statistically significant by Conservative 
criteria. (7) Of 504 children examined in 1946 and again 
in 1948, a total of 454 were negative both times. Twenty 
individuals experienced increases in microfilaria counts 
averaging 14 per 0-04 ml. of blood, while the counts of 
30 individuals decreased an average of 46 per 0-04 mi 
during the spray period.” 4 R. M. Gordon 


Social Factors in Obstetrics. 
1, 1079. 


The highest grade of reproductive efficiency means 
high fertility, very good health, a sense of well-being 
during pregnancy, freedom from any of the recognized 
complications, spontaneous delivery of a live and vigoroys 
child, normal involution, and successful lactation. How 
far short of this standard any particular person may fall, 
and why, is very difficult to determine accurately, For 
the nation as a whole, maternal mortality rates give a 
fair index of this efficiency. However, for a comparison 
of its variability in different social classes the figures 
would be too small for any satisfactory conclusions to be 
drawn, and though the mortality in the first 12 months 
of extra-uterine life is a most delicate index of living 
conditions, yet in dealing with reproductive performance 
mortality is less helpful and sometimes even misleading, 

Foetal deaths (stillbirths and neonatal deaths) are 
influenced by much the same factors as those affecting 
maternal mortality, and the rates have been compared 
between a group of 876 consecutive primigravidae in a 
nursing home, a second group of 450 in a second nursing 
home where the fees were lower, and a third group of 
876 out of 3,600 booked primigravidae in the Aberdeen 
Maternity Hospital. Each of these groups was further 
subdivided according to height. The women in the 
hospital group were, on the whole, shortest, 26 per cent. 
being under 5 ft. 1 in. (155cm.) tall. Those in group one, 
in the more expensive nursing home, were the tallest, only 
5 per cent. being under 5 ft. | in. in height. The patients 
were further subdivided into age groups and it was found 
that the foetal mortality was highest in the shortest and 
oldest patients, and the mortality rate for comparable 
patients in the nursing home and hospital groups was 
highest in the latter. [Assessed by Caesarean section 
rates, results are better in hospital than in_ private 
practice. ] 

The highest standard of reproductive performance 1s 
attained in the small group of tall young women under 
the age of 25 in social classes one and two. Further 
intensive study of small groups will be required to 
investigate the correlation of reproductive performance 
with such factors as intelligence, personality, nutrition, 
family income, and standards of obstetrical care. 

D. M. Stern 


BairD, D. (1949). Lancer, 


The Effect of Smallpox Vaccination During Pregnancy 00 
the Incidence of Congenital Malformations. GREEN- 
BERG, M., YANKAUER, A., KRUGMAN, S., OSBORN, J.J, 
Warp, R. S., and Dancis, J. (1949). Pediatrics, 
3, 456. 


In view of the fact that rubella occurring in the first 
3 months of pregnancy has been alleged to cause al 
increase in the incidence of congenital foetal abnorm- 
alities, and of the fact that vaccinia, like rubella, 1s 4 
generalized virus infection, the authors investigated the 
offspring of women who had been vaccinated during 
pregnancy, the opportunity for a large series of such cases 
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being presented when 5,000,000 persons were vaccinated 
in New York in 1947 following ‘an outbreak of variola. 

The investigation was carried out at 67 child health 
stations and 11 hospitals, the children of all women who 
were in the first 3 months of pregnancy at the time when 
the widespread vaccination took place being examined for 
congenital abnormalities. The children of those who had 
not been vaccinated at that time thus served as a control 
group. The abnormalities for which search was made 
included congenital heart disease, mongolism, cleft palate 
and hare lip, spina bifida, microcephaly, micrognathia, 
etc. Club foot, hydrocele, hernia, and haemangioma 
were not included in view of the doubt existing as to 
whether these were congenital abnormalities or deviation 
fromnormal. It was found that 4,172 vaccinated women 
gave birth to 68 malformed infants, an incidence of 1-63 
per cent., while 2,186 unvaccinated women gave birth to 
30 malformed infants, an incidence of 1-37 per cent. 
The difference in incidence is not statistically significant. 
The incidence of prematurity was 8-2 per cent. in the 
vaccinated group and 8-4 per cent. in the unvaccinated 
group. 

Since many congenital abnormalities result in early 
death, the neonatal death rate from congenital abnorm- 
alities in the City of New York during a period which 
would include all those infants of 0-3 months’ foetal age 
at the time of the widespread vaccination was calculated 
and found to be 48-8 per 10,000 live births; for the 
corresponding period in the preceding year the rate was 
47-2 per 10,000 live births, the difference being again not 
statistically significant. Similarly, no significant increase 
could be found in the incidence of stillbirths during the 
relevant period. P. T. Bray 


Studies on Products of Human Abortion with Special 
Reference to Early Malformations and their Causes. 
(Studien an menschlichen Aborteiern mit besonderer 
Beriicksichtigung der friihen Fehlbildungen und ihrer 
Ursachen.) KAESER, O. (1949). Schweiz. med. Wschr., 
79, 509. 


The author studied 606 cases of abortion occurring 
during the first 28 weeks of pregnancy :—(1) to determine 
the relative frequency of malformation of the ovum as 
a cause of abortion; and (2) to decide whether arrested 
development is to be ascribed to factors inherent in the 
— or in the mother, or if both may have the same 
effect. 

After reviewing the literature and enumerating possible 
causes of miscarriage and difficulties of differentiation 
even on laboratory examination, the author gives normal 
embryological data and his own statistical results. He 
finds that, of all abortions, maternal causes are respon- 
sible for 29-2 per cent., criminal causes 24-8 per cent., 
and ovular cduses 35-4 percent. In the last group moles 
are the most frequent finding. Ovular causes of spon- 
taneous abortion amount to about 50 per cent. The 
classification according to age shows a nearly linear 
increase in the incidence of moles from 25 to 30 per cent. 
at age 20 to more than 50 per cent. at age 40 or over. 

Relative to the number of earlier pregnancies, births, 
and miscarriages, the distribution of abortions due to 
foetal malformations is similar to that of abortions 
generally: the majority appear during the first pregnancy, 
after the first birth, or after the first miscarriage. After 


the second pregnancy such abortions rapidly become 
more and more rare with increasing parity. As mal- 
formed ova appear irregularly before or between normal 
pregnancies, the author concludes that after a 


“ 


mole 
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pregnancy ” a woman is no less likely to conceive or to 
complete a pregnancy normally than after an abortion 
due to other causes. F. A. Jacobs 


51 Fatal Cases of Abortion (Criminal) in Rio de Janeiro. 
(Em torno de 51 casos de abortamentos mortais 
(criminosos) no Rio de Janeiro.) BARROos, P. (1948). 
Obstet. Ginec. lat.-amer., 6, 517. 


The author describes each of the 51 cases, including the 
post-mortem findings. The entire problem of criminal 
abortion is reviewed from the medical and legal point of 
view in the light of the modern and very precise Brazilian 
criminal law. The predetermining factors are discussed 
and classified into social, moral, economic, and aesthetic. 
An important medico-legal point is raised by the author 
when he stresses the possible existence of physiological or 
pathological contributory causes—such as an abnormally 
placed or mobile uterus, ectopic pregnancy, or vulvo- 
vaginal infection—liable to aggravate the outcome of an 
attempted criminal abortion. A. Lilker 


Malarial Immunity in Africans: Effects in Infancy and 
Early Childhood. GARNHAM, P. C. C. (1949). Ann. 
trop. Med. Parasit., 43, 47. 


The observations on which this study of malaria in very 
young children is chiefly based relate to an African tribe, 
the Luo, living in a highly malarious region around the 
Kavirondo Gulf of Lake Victoria and possessing a 
considerable degree of natural and acquired resistance 
to the disease. After a brief reference to congenital 
malaria and abortion in infected women, the author deals 
with the incidence and morbidity in young children and 
the mortality and pathology of the disease in infants. He 
found no congenital malaria in 146 infants of infected 
mothers, and only 19 of 124 women who aborted had 
malarial parasites; but in another small group of less 
resistant women who aborted a far greater proportion 
had malaria, and this was an important causative factor 
in abortion. In the Luo tribe stillbirths were few and 
were rarely due to maternal malaria. 

The incidence of malaria in infants steadily rose from 
about 10 per cent. in the first 2 months of life to about 
90 per cent. at one year; the number of parasites in the 
peripheral blood fell from 48 per 50 microscopical fields 
in the first 6 months of age to 18 from 6 months to 3 years, 
and 9 from 4 to 10 years. The symptoms were usually 
mild and the general health and nutrition were almost 
unaffected; a critical examination of 52 fatal cases 
ascribed to malaria showed that only 17 could actually 
be attributed to that disease. Among 75 children 
specially examined periodically during 2 years only one 
died of malaria. In fatal cases the liver showed excessive 
proliferation and swelling of the Kupffer cells and the 
blood vessels were “ engorged with lymphoid-macro- 
phage cells in all stages of development”; capillaries in 
the brain were blocked by swollen proliferating endo- 
thelium and wandering histiocytes or by schizonts. 
[Photomicrographs of liver and brain sections are 
shown.] The heart muscle presented similar appear- 
ances, but other organs were less affected. Exo-erythro- 
cytic forms of the parasites were sought without success. 

The author discusses his findings and compares them 
with those of workers in other malarious regions; he 
emphasizes the influence of immunity (racial, passive 
from the mother, and acquired) which exists in hyper- 
endemic areas, whereas, where endemicity is low, racial 
and passive immunity are slight and malaria is severe 
until resistance is acquired. J. F. Corson 
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